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The subject matter of this thesis is concerned with the investigation of new 
synthetic mutes to cinnoline and fused cinnoline derivatives. A description of the 
results obtained in these studies is preceded in Chapter 1 by a survey of literature 
methods for the synthesis of cinnoline derivatives. 
Chapter 2 describes an investigation into the use of 2-nitroaroy1forminiidates as 
intermediates in the synthesis of 3,4-substituted cinnoline derivatives and in particular 
2-amino-3-(2-nitroaryl)quinoxalines. The base-catalysed cycisation of the latter 
compounds, to afford quinoxalino[2,3 -Q]cinnoline fl-oxides is also reported and the 
scope of this method investigated. 
Chapter 3 describes the synthesis of 3-arnino-5-hydroxy-4-(2-nitroaryl)-2ff-
pyrazole derivatives and their base-catalysed cyclisation to give 1-hydroxy-311-
pyrazolo[3,4-Q]cinnoline j-oxides. The influence of substituent effects on the scope of 
this cycisation was also studied. Furthermore the oxidative ring-scission of the 
resulting hydroxypyrazolo[3,4-]cinnoline  derivatives to afford cinnoline-4-carboxylic 
acid 1-s-oxides is also reported. 
Chapter 4 deals with studies on the synthesis and cycisation of 3-amino-4-(2-
nitroaryl)isoxazol-5(2-ones. Base-induced cyclisation of the isoxazolone derivatives 
afforded isoxazolo[3,4-ç]cinnolinones  which were converted to 3-aminocinnoline-4-
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PREFACE 
Inflammatory processes associated with membrane breakdown in the arthritic 
joint have been closely linked to the presence of radical species and in particular 
hydroxyl (H0 ), peroxy anion (Of) and hydroperoxy (H02 ) radicals 13  Once 
formed these species can react with many organic molecules commonly found in the 
cell environment such as fatty acids or amino acids and so promote the breakdown and 
eventual destruction of the cell. Since the number of oxy-radicals produced in vivo is 
likely to be high, chemotherapy by oxy-radical scavenging on a one to one basis is 
impractical. If however the scavenger system is capable of being regenerated via some 
reductive or oxidative process occuring in vivo then efficient scavenging will result by 
redox turnover. One such system is represented (Scheme 1) by -tocopherol (1) which 
has been shown  to be capable of scavenging up to 120 singlet oxygen radicals before 
molecular breakdown occurs. 
The enzyme 5-lipoxygenase is known to catalyse (Scheme 1) the production of 
5-hydroperoxyicosa-6,8,11,14-tetraenoic acid (3) from arachidonic acid (2). The 
hydroperoxide (3) is then enzymatically transformed eventually giving rise to the 
leukotriene derivatives LTC4 and LTD4. The inhibition of this process is beleived to be 
important  in the amelioration of inflammation particularly in the treatment of asthma. 
Although inhibited by radical scavengers in general the enzyme 5-lipoxygenase is 
structurally related to several other imprtant enzymes such as 12-lipoxygenase, 15-
lipoxygenase and cyclooxygenase 6 and so requires a specific inhibitor substrate. 
Some of the most promising specific 5-lipoxygenase inhibitors to date (Scheme 1) are 
the quinone derivatives 	(4), (5) and (6). 
Quinonoid structures therefore provide attractive targets as potential 
antiinflammatory drugs, both as regenerable radical scavengers and as specific 5-
lipoxygenase inhibitors. Of particular interest are those quinonoid systems which are 
capable of undergoing potentially reversible redox processes through which efficient 
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radical scavenging could be effected. A previously undescribed example (Scheme 2) 
of this type of redox system is represented by the fused pyrad6jáne-3,4-quinones (8), 
their s-oxides (7) and the corresponding diosphenols (9) and (10). 
The following thesis is concerned with the investigation of novel synthetic 
routes to the previously undescribed cinnoline-3,4-quinones (8; V = benzenoid) and 
their N-oxides (7; ;: = benzenoid) and diosphenol derivatives[(9) and (10); Y!} = 
benzenoid], with a view to their evaluation as antlinflammatory agents. The results of 
these studies are discussed in chapters 2,3 and 4, and are preceeded in chapter 1 by a 
brief survey of the synthesis of cinnoline and its derivatives. 
4 
CHAPTER 1 
A Survey of Literature Methods for the Synthesis of Cinnoline 
Derivatives 
A Survey of Literature Methods for the Synthesis of Cinnoline Derivatives 
The first recorded synthesis (Scheme 3) of a derivative of cinnoline (15) was 
reported by von Richter 10 in 1883. In an unsuccessful attempt to prepare the phenol 
(12) by diazotisation of 2-aniinophenylpropiolic acid (11), he found that the 
intermediate diazonium species (13) had been trapped to afford cinnolin-4( 111)-one  3-
carboxylic acid (15). Cydisation is readily explained by initial hydration of the triple 
bond to give an enol intermediate (13) which is set up as shown to undergo cycisation 
to the cinnolinone (15). Although a substantial number of cinnoline derivatives have 
been prepared by the diaz.otative cyclisation of ortho-aminophenylacetylenes, a major 
drawback of this method is the relative difficulty, of obtaining the acetylenic starting 
materials. For this reason, the von Richter cinnoline synthesis has tended to have been 
superceded by other more versatile methods. 
In a cinnoline synthesis (Scheme 4) which is mechanistically similar to that 
of von Richter, 2-aminophenylethylene derivatives (16) are cyclised diazotatively to 
give 3,4-disubstituted cinnolines (19). The procedure known as the Widman-
Stoermer cinnoline synthesis 11 is limited to the cyclisation of ortho-
aminophenylethylene derivatives in which the benzylic position is occupied by a 
group capable of stabilising the carbocation intermediate (18). 
Of more general utility, is the Borsche synthesis 12,13  (Scheme 5) of 
functionalised cinnolin-4(lth-ones (24). In this procedure 2-aminoacetophenones 
[e.g. (20)] undergo diazotative cydisation which is readily explained in terms of an 
initial acid-catalysed enolisation [(20) -4 (21)] followed by diazotisation and 
subsequent nucleophilic attack by the enol side-chain on the resulting ortho-
diazonium cation. Final tautomerism then completes the mechanistic sequence [(22) 
-* (23) -* (24)]. Yields in this type of reaction are usually best when concentrated 
acids are used and heating is avoided thus preventing the formation of phenols (20; 
OH for 	A complication which occasionally arises is the unwanted 
CO2H 
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10 
halogenation of the aryl ring when halogen acids are used as the acidic medium 14• 
However, the use of formic acid in these reactions is reported to avoid this 
complication 15• 
In a modification of the Borsche method first reported by Baumgarten 16 
(Scheme 6) diazobenzaldehyde [derived from the corresponding amino compound 
(25)] is coupled with nitromethane giving a nitroformyihydrazone derivative (26). 
Base-catalysed cyclisation of the latter with concomitant loss of water from the 
intermediate (27) gives rise to a 3-nitrocinnoline (28). 
The use of other phenyihydrazone derivatives has also found widespread 
use 17  in the synthesis (Scheme 7) of functionalised cinnolines. Thus mesoxalyl 
chloride phenylhydrazone (33) is smoothly cydised in the presence of Lewis acids 
to afford the cinnolinone derivative (15) first reported by von Richter 10. The 
mesoxalyl chloride phenyihydrazone derivatives (33) used as precursors are 
conveniently prepared (Scheme 7) by the azo-coupling of arylamines (29) with 
diethyl malonate (30) to afford an ester (3 1) which on hydrolysis to the dicarboxylic 
acid (32) and subsequent treatment of the latter with phosphorus pentachloride 
gives the mesoxalyl chloride (33). Cyclisation of this compound (33) under Lewis 
acid catalysis then affords the cinnolinone.(15). In most instances yields are 
highest when titanium tetrachloride is the catalyst of choice. Moreover the reaction 
is most useful for the synthesis of cinnoline derivatives bearing electron-donating 
substituents in the aryl ring, as would be expected for a Friedel-Crafts type 
procedure. 
In a reaction related to the cyclisation discussed above (Scheme 8), 
malononitrile and cyanoacetamide derivatives (34 a and 34 b respectively) are 
reported 18  to cyclise in the presence of aluminium trichioride to give 4-
aminocinnolines (35 a and b). As with the reaction discussed previously (see 
Scheme 7) this reaction is problematic in that the aryl ring must be suitably activated 
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13 
arise by the formation of positional isomers caused by the ambiguous nature of the 
direction of cydisation. Interestingly (Scheme 8), the attempted cyclisation of the 
malononitrile derivative (34 a) gave the ketone (36) when toluene was used as a 
solvent. Formation of this product can be explained in terms of an electrophilic 
attack on the solvent by the intermediate complex initially formed between the 
Lewis acid and the malononitrile derivative (34 a), hydrolysis of the resulting mime 
would then result in formation of the ketone (36). 
Aryihydrazones are important intermediates in another type of cinnoline 
synthesis (Scheme 9) reviewed by Baumgarten 19  In this synthetic approach - 
benzylidenearylhydrazones (37) are transformed t1feir base-catalysed reaction 
with oxalyl chloride into the corresponding -benzylideneamino--phenyl oxamyl 
chloride (38). Friedel-Crafts acylation of the latter affords the - 
benzylideneaminoisatin (39) which on alkaline hydrolysis undergoes a ring opening 
reaction to give the intermediate a-keto-carboxylic acid (40) which is then 
spontaneously cyclised with loss of water giving rise to 3-phenylcinnoline-4-
carboxylic acid (42). Unfortunately the reaction does not appear to be general and 
fails for instance in the case of the acetaldehyde phenythydrazone derivative (37; Me 
for Ph). 
Isatin (43) has been used (Scheme 10) as a source cinnoline derivatives . 
Thus reaction of isatin (43) with, phenylmagnesium bromide afforded the 3-phenyl 
derivative (44) which was hydrolytically converted into the corresponding 2-
aminomandelic acid (45). These compounds are readily converted [via an 
intermediate hydrazine (46)] into j-aminoindo1e derivatives (47) by diazotisation of 
the amine (45) and subsequent reduction. Alkaline hydrolysis of the - 
aminoindole (47) cleaves the lactam ring to afford a mandelate salt (48) which then 
cydises on careful treatment with acid to give the cinnoline (49). Unfortunately 
yields in this type of reaction are seldom high and relatively few cinnoline 
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-aminooxindole derivatives (50) (Scheme 11) are reported  21'22to 
undergo an oxidatively induced rearrangement giving 3-hydroxycinnolines (53). 
The reaction has been shown by 15N labelling studies 23  to proceed via migration of 
the acyl moiety to an electron deficient nitrene (or nitreneoid) intermediate (51). 
The reaction is limited however, by the relative inaccessibility of 1-aminooxindoles. 
A novel approach to the synthesis (Scheme 12) of teirahydrocinnolin-
1(4fl)-one derivatives (57) developed by Gelin and Dolmazon 24, involves 
treatment of hexahydrobenzofuran (54) with aromatic aldehydes under acid 
catalysis to give the corresponding 2-arylidene (55). Reaction of the latter 
compounds (55 a or b) with hydrazine monohydrate gives, by Michael addition of 
hydrazine and cyclisation of the intermediate hydrazine adduct (56 a or b), the 
heterocyclic tetrahydrocinnolinone (57 a or b). However, the initial synthesis of 2-
arylidene-3-oxohexahydrobenzofurans (56) does not appear to be general and fails 
when benzaldehyde is used as a substrate for this reaction [(54) - (55)]. 
The synthesis of cinnoline derivatives has been reported by Pandit 25 
(Scheme 13) using the thermal cyclisation of iminium hydrazone derivatives [e.g. 
(60)]. The latter compounds are conveniently prepared by reaction of enamines 
(58) with aryldiazonium salts (59). The thermally induced cyclisation of the 
resulting iminium hydrazone compounds (60) is presumably effected by 
electrophiic attack by the iminium carbon on the aryl ring [(60) -* (61) - (62)] 
followed by aromatization with attendant elimination of morpholine [(62) -* (63)]. 
This type of reaction is potentially limited in that the aryl ring must be suitably 
activated towards electrophilic attack by the iminium moiety. 
The reaction (Scheme 14) of aryldiazonium salts (65) with appropriately 
substituted 1,3-dicarbonyl compounds (64) has been reported 26 to yield hydrazone 
derivatives (66) which cyclise on treatment with potassium carbonate in the 
presence of 18-crown-6 thus, affording a route to functionalised cinnolin-4(1jj)-
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21 
of 3-oxopropionate are transformed into diazo compounds by their reaction with 
tosyl azide [(69) -+ (70 71)]. Treatment of the latter with tributyl phosphite in 
refluxing diisopropyl ether results in its smooth cycisation to give the 
hydroxycinnoline (76). The precise mechanism of this novel cycisation is 
uncertain but a possible pathway may involve the reactive phosphazine intermediate 
[(72) 	(73)]. Cydisation of which, by aromatic nucleophiic substitution, to 
afford the phosphonium salt (74) followed by hydrolysis of the latter would explain 
the formation of the cinnoline (76). 
The reductive cycisation (Scheme 16) of certain dinitrostyrenes (77) is 
reported 28 to result in the formation of a cinnoline nucleus. Thus 1-(3,4-
dimethoxy-5-nitrophenyl)-2-nitroethene (77) is cycised by treatment with lithium 
aluminium hydride affording a mixture of 6,7-dimethoxycinnoline (78) and 5,6-
dimethoxyindole (79). Similar reductive cydisation reactions are also known 29 in 
2,2'-dinitrobiaryls (80). Catalytic reduction of these compounds with hydrogen 
over Raney-nickel results in good yields of the tricyclic benzo[c]cinnoline (81). 
Oxidative cyclisation (Scheme 17) of 2,2'-diaminobiaiyls (82) has also been used 
29 as a synthesis of benzo[c]cinnoline derivatives (83). Treatment of the biaryl (82) 
with hydrogen peroxide in glacial acetic acid induced smooth cycisation to give the 
corresponding benzocinnoline (83). 
Finally (Scheme 17), fragmentation of other ring systems may also provide 
a source of cinnoline derivatives. Oxidation of the thiadiazepin (84) with peracetic 
acid is reported 30  to result in  its facile thermal extrusion of sulphur monoxide 
resulting in the formation of benzo[c]cinnoline (87). The transformation [(84) -* 
-+ (87)] has been rationalised as proceeding via initial oxidation to give  the 
thiadiazepin 1-oxide (85) which is then transformed by a 6 it-electron disrotatory 
electrocycisation into the thiirane--oxide (86). Rapid extrusion of sulphur 
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OR 
In the majority of synthetic methods discussed in this chapter there are 
serious constraints on their scope and versatility as viable synthetic routes to 
functionalised cinnolines. For these present studies a more general synthetic 
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Investigation of 2-Nitrobenzoylformimidate Derivatives as Synthetic Precursors of 
Cinnolines and Fused Cinnolines 
Introduction 
In an unusual reaction reported by Khronke 31 (Scheme 18) the enamine (88) is 
cycised photochemically to give 3-(4-nitrophenyl)cinnoline 1-N-oxide (89) in good yield 
(75 %). A similar base-catalysed condensation is reported 32  in biphenyl derivatives [e.g. 
(90)], cyclisation of which in methanolic sodium methoxide or sodium hydroxide affords 
the corresponding cinnoline 1-N-oxide (91) cleanly and in high yield. In certain instances 
where the reaction is sluggish due to the presence of acid weakening substituents on the 
aminophenyl ring, benzylirimethylammonium hydroxide has been used succesfully as the 
basic catalyst 33.  Another rare example of this reaction 34 is the base-catalysed cydisation 
of 2-nitrophenylacetamide (92) to afford 4-cyano-3-hydroxycinnoline 1--N-oxide (93) in 
good yield. However base-catalysed cyclisation fails for 2-nitrophenylacetamide (92; H 
for CN). Surprisingly, these few isolated instances represent the only attempted 
applications of this unusual type of cycisation reaction towards the synthesis of 3,4-
substituted cinnolines. Mechanistically (Scheme 19) the reaction is not well understood but 
may involve initial ionisation of the amino group by base followed by a nucleophilic attack 
of the resulting anion (94) on the nitro group leading to loss of water to afford the 1 -N-
oxide (91). This type of heterocyclisation reaction provides a potentially versatile general 
strategy for the synthesis of 3,4-sustituted cinnolines. The following account describes the 
investigation of such heterocydisation as a method for the synthesis (Scheme 19) of the 
previously undescribed cinnoline-3,4-quinone 1-N-oxides [e.g. (97) - (98)] (whose 
potential aniiinflammatory properties were discussed earlier in the preface to chapter one) 
and other structurally interesting polycyclic ring systems based on fused cinnoline nucleii. 
Discussion 





   
NO2 
























NaOH, MeOH, heat. 





































NaOH, MeOH, heat. 
base. 	 (98) 
Scheme 19 
30 
quinone 1-N_-oxide (98), an attempt was made to prepare 2-niirobenzoyl cyanide (101) 
by oxidation of the known 35 2-hydroxy-2-(2-nitrophenyl)acetonitrile (100). The acyl 
cyanide (101) could then be converted to the imidate hydrochloride (102), pyrolysis of 
which would afford the amide (97) potentially capable of base-catalysed cyclisation to 
the cinnoline l--oxide (98). In practice (Scheme 20), addition of hydrogen cyanide to 
2-nitrobenzaldehyde (99) gave the cyanohydrin derivative (100) in good yield (83 %). 
However oxidation of the latter (Scheme 21) using manganese dioxide in anhydrous 
1,2-dimethoxyethane gave a compound which was identified by its combustion 
analysis and spectroscopic properties as 2-(2-mtrobenzoyloxy)-2-(2-
nitrophenyl)acetonitrile (103), in good yield (72 %). Further evidence for the structure 
of the oxidation product (103) was provided by-its hydrolysis with 2M aqueous sodium 
hydroxide to give 2-nitrobenzoic acid (104) in moderate yield (60 %). In contrast, the 
attempted hydrolysis of the ester (103) using 2M aqueous hydrochloric acid gave only 
the unreacted starting material (103) in high yield (86 %). Formation of the ester (103) 
may be explained by the formation of 2-nitrobenzoyl cyanide (10 1) and its 
condensation with the starting material (100) with expulsion of cyanide ion. 
Having failed to obtain 2-nitrobenzoyl cyanide (101) by the direct oxidation of 
the cyanohydrin (100) an alternative route -to 2-nitrobenzoyl formamide (97) had to be 
investigated (Scheme 22). This involved the conversion of the cyanohydrin (100) into 
the known 36 imidate hydrochloride (105) by the standard Pinner synthesis, in excellent 
yield (99 %), so that its pyrolytic conversion into 2-hydroxy-2-(2-
nitrophenyl)acetamide (106) could be studied. The -hydroxyamide (106), if formed, 
could then be oxidised to give the g-ketoamide (97) thus enabling its base-catalysed 
cyclisation to the quinone (98) to be investigated. In addition, it was considered 
possible, that direct base-catalysed condensation of the hydroxyamide (106) might 
afford 3,4-dihydroxycinnoline 1-n-oxide (107) which could be oxidised in turn to the 
quinone (98). Disappointingly however, pyrolysis of ethyl 2-hydroxy-2-(2-
nitrophenyl)acetimidate hydrochloride (105) at 2000  under reduced pressure resulted in 
31 
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34 
its decomposition with no identifiable material being obtained. 
Previous studies in this department 37 (Scheme 23) have shown that ethyl 2-
nitrobenzylformimidate (108) is cyclised photochemically to 3-ethoxycinnoline (109). 
It therefore seemed logical to attempt a similar transformation with ethyl 2-hydroxy-2-
(27nitrophenyl)acetimidate (110). To this end the imidate hydrochloride (105) was 
smoothly converted, by the action of gaseous ammonia in ether, into the free imidate 
(110) in high yield (96 %). The 'H n.m.r. spectrum of the imidate (I 10) showed the 
presence of three distinct proton resonances associated with the ethoxy substituent 
[4.31-3.96 (1H, m, C112), 3.82-3.46 (111, m, CH2) and 1.41-1.05 (311, m, CH 3)]. 
This complex absorption can be attributed to the non-equivalence of the methylene 
protons in the iniidate (110) as a consequence of the nearby chiral 
hydroxymethyiphenyl centre. The attempted photochemical cycisation of the imidate 
(110) (Scheme 23) to afford 3-ethoxy-4-hydroxycinnoline 1-fl-oxide (111) failed to 
give any identifiable products. 
Attempts to convert the imidate hydrochloride (105) into 2-hydroxy-2-(2-
nitrophenyl)acetamidine (112), so that the photochemical or base-catalysed cyclisation 
of the latter (112) could be studied, were unsuccesful. Treatment of the hydrochloride 
(105) with one equivalent of ammonia in ethanol led only to the free imidate (110) in 
high yield (91 %). Conversely, treatment with liquid ammonia at -78 0 gave only the 
unreacted starting material (105). 
Our attention next focussed on the preparation (Scheme 24) of the previously 
undescribed 2-nitrobenzoylformimidate (114). In addition to being a potential 
precursor of the -ketoamide (97) either by hydrolysis or by pyrolysis of its 
hydrochloride salt (115) the ketoimidate (114) was also an attractive synthetic target 
because potentially its reactions with nucleophiles and reductive behaviour (Scheme 25) 
were also of considerable interest in relation to the synthesis of 3,4-disubstituted 
cinnolines [e.g. (117); (119)]. 
Oxidation (Scheme 26) of 2-hydroxy-2-(2-nitrophenyl)acetimidate (110) using 
activated manganese dioxide (Aldrich; 21,764-6) in either 1,2-climethoxyethane or 
35 
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acetonitrile cleanly gave 2-nitrobenzoylformimidate (114) in high yield (93 %), whose 
structure follows from its combustion analysis and spectroscopic properties. Further 
support for the ketoimidate structure (114) came from its hydrolysis in aqueous ethanol 
which proved to be an efficient route to the known 38  formamide (97) which also 
analysed correctly and showed mass, i.r., 1H n.m.r. spectra consistent with its 
assigned structure. In addition the melting point of the product derived by hydrolysis 
of 2-nitrobenzoylformimidate (114) was close to that reported by Claisen and Shadweil 
38 for 2-nitrobenzoylformamide (97). In contrast hydrolysis of the ketoimidate (114) in 
aqueous acetic acid gave ethyl 2-nitrobenzoylformate (120) in high yield (84 %). This 
product had a melting point consistent with that of the literature 39  value as were its 
analytical data and spectroscopic properties. The differing modes of hydrolysis of the 
keto-imidate (114) can be rationalised (Scheme 27) by assuming that the imidate (114) 
will exist predominantly as the protonated iminium (12 1) in acidic solution, hence 
facilitating extrusion of ammonia to give the ester (120). Correspondingly in neutral 
solution, nucleophilic attack by water involves the free imine (114) and so leads, by 
elimination of ethanol, to the amide (97). 
In an alternative route to the keto-amide (97) (Scheme 26), treatment of ethyl 2-
nitrobenzoylforminiidate (114) with ethereal hydrogen chloride gave the hydrochloride 
(115) in quantitative yield. The salt (115) gave accurate mass data and showed i.r. and 
IH n.m.r. absorption consistent with its assigned structure. Pyrolysis of the 
hydrochloride (115) at 1400 gave a readily separated mixture of the expected 2-
nitrobenzoylformamide (97) (57 %) together with ethyl 2-nitrobenzoylformate (120) 
(42 %). Disappointingly, the attempted cycisation of amide (97) in methanolic 
benzyltrimethylammonium hydroxide to give cinnoline-3,4-quinone 1 -a-oxide (98) 
was unsucessful, giving only an intractable gum from which no identifiable material 
could be obtained. 
Since the exploitation of ethyl 2-nilrobenzoylformimidate (114) as a synthetic 
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• activated manganese dioxide (Aldrich; 21,764-6) the oxidation reaction [(110) -4 
(114)] was briefly investigated using a variety of cheaper grades of commercially 
available manganese dioxide oxidant (Table 1). The reaction was monitored by i.r. and 
IH n.m.r. spectroscopy and in practice, it was found, that the original grade of 
manganese dioxide (Aldrich; 21, 764-6) was the only grade suitable. Other grades 
gave either inferior yields of keto-iniidate (114) or resulted in no reaction or the 
formation of 2-nitrobenzoy1formamide (97) and ethyl 2-nitrobenzoylformate (120) as a 
contaminant to any of the keto-imidate (114) formed. The results are summarised in 
Table 1. 
Since oxidative cydisation (Scheme 28) of ethyl 2-
hydroxyaminobenzoylformimidate (121ould in theory lead to formation of 3-ethoxy-
1-hydroxycinnolin-4(1-one (122), an attempt was made to selectively reduce ethyl 2-
nitrobenzoylformimidate (114) to the hydroxyamino derivative (121 'using sodium 
borohydride in aqueous alkaline-dioxane in the presence of 10 % palladium-on-
charcoal. Reduction under these conditions is known 40  to effect the selective reduction 
of aromatic nitro compounds to the corresponding aryihydroxylamines. However in 
the case of the keto-imidate (114) reduction under these conditions gave only a complex 
gum from which no identifiable material could be obtained. This result may be due to 
any one of several side reactions such as base-catalysed hydrolysis of the imidate (114) 
CL 
or cycisation of the resulting hydroxylamine species (12lI to give an unstable indole 
derivative. The reaction was not further investigated and attention was next focussed 
on the reactivity (Scheme 29) of ethyl 2-nitrobenzoy1formimidate (114) towards a 
variety of hydrazine nucleophiles. Working on the assumption that nucleophilic attack 
would occur at the more reactive imidate centre, the resulting amidrazones (123) thus 
formed could be exploited synthetically for the synthesis of aminocinnolines (124) via 
base-promoted nucleophilic displacement of the ortho-nitro group by the hydrazone 
substituent of the side chain, for which ample literature precedent exists 41 . 
Alternatively reduction of the amidrazones (123) with, for example hydrogen over 
42 
Table 1: Oxidation Reactions of Ethyl 2-Hydroxy-2-(2-nitrophenyl)acetimidate 
0 10 Using Different Grades of Commercial Manganese Dioxide 
Product Mixture % 
Grade of Manganese Dioxide 	(110) 	(114) 	(97) 	(120) 
Aldrich (21,764-6) 
Recovered Aldrich (21,764-6) 
Aldrich (22,432-4) 
- 93 	- 	 - 




























































































palladium-on-charcoal, could give the corresponding 2-aminobenzoyl compounds 
(125) appropriately set up for oxidative cyclisation to structurally interesting 
monohydrazone derivatives of cinnoline-3,4-quinones (126). 
In practice, treatment (Scheme 30) of the keto-imidate (114) with one equivalent 
of hydrazine monohydrate in refluxing ethanol led only to an intractable gum with no 
evidence of formation of the expected amidrazone (127). Similarly, attempted reaction 
of the keto-imidate (114) with phenyihydrazine in anhydrous ethanol was equally 
unsuccesful giving only an intractable gum. In contrast, when the less nucleophilic 
tosylhydrazine was reacted with the keto-imidate (1 .  14) the reaction proceeded smoothly 
at room temperature to afford ()-3-(2-nitrobenzoyl)-1-(toluene-4-
sulphonyl)formamidrazone (129) in excellent yield (94 %). Interestingly on some 
occasions this reaction would give a product with m.p. 141143 0 (Isomer A) and on 
other occasions a different product with m.p. 186-188 0 (Isomer B) was obtained. Both 
isomers produced almost identical i.r. and 1H n.m.r. spectra and indeed X-ray 
crystallography (see Fig. 1; tables 1, 2 and 3) showed them to be identical, both 
possesing (j-stereochemistry about the carbon-nitrogen double bond thus ruling out 
, Z-geometrical isomerism as an explanation for the differing melting points. This 
difference is therefore best accounted for in terms of the existance of the amidrazone 
(129) in two distinct crystal modifications with different melting points. 
Attempts (Scheme 30) to effect base-catalysed cycisation of the amidrazone 
(129) by intramolecular nucleophilic displacement of the nitro group using either 
sodium ethoxide or aqueous sodium carbonate in ethanol were unsuccessful giving 
only intractable mixtures rather than the hoped-for aminocinnoline derivative (130). 
Equally unsuccessful, was the attempted thermal cyclisation of the amidrazone (129) 
under reduced pressure, these conditions again giving only a multicomponent gum. 
The reason for the failure of the amidrazone (129) to undergo cycisation to the 
aminocinnoline (130) under these conditions are not clear but may be due to 
competition by carbene formation via the Bamford-Stevens reaction 42,  or complicating 





Table 1. Bond Lengths(s) with standard deviations 
C(l) - C(2) 1.385( 4) C(8) - N(9) 1.285( 	3) 
C(i) - C(6) 1.387( 4)  -N(10) 1.410( 	3) 
C(l) - C(7) 1.498( 4)  -S(ll) 1.6563(22) 
C(2) - C(3) 1.380( 4) S(ll) -0(11A) 1.4230(18) 
C(2) - N(2) 1.469( 3) S(ll) -0(11B)- 1.4343(17) 
C(3) - C(4) 1.383( 4) S(ll) -C(11) 1.7529(24) 
C(4) - C(S) 1.367( 5) C(ll) -C(12) 1.384( 	4) 
C(5) - C(6) 1.380( 5) C(ll) -C(16) 1.382( 	4) 
N(2) -0(21) 1.231( 3) C(12) -C(13) 1.377( 	4) 
N(2) -0(22) 1.212( 3) C(13) -C(14) 1.379( 	4) 
C(7) - 0(7) 1.209( 3) C(14) -C(15) 1.374( 	4) 
C(7) - C(S) 1.490( 4) C(14) -C(14M) 1.513( 	5) 
C(8) - N(8) 1.353( 4) C(15) -C(16) 1.381( 	4) 
Table 2. Angles(degrees) with standard deviations 
C(2) - C(1) - C(6) 116.97(24) C(8) - N(9) -N(10) 114.00(20) 
C(2) -- C(l) - C(7) 123.80(23) N(9) -N(10) -5(11) 112.06(15) 
C(6) - C(1) - C(7) 119.22(24) N(10) -S(11) -0(11A) 103.97(11) 
C(l) - C(2) - C(3) 123.71(24) N(10) -S(11) -0(118) 107.16(10) 
C(1) - C(2) - N(2) 118.29(21) N(10) -S(ll) -C(ll) 106.67(11) 
C(3) - C(2) - N(2) 117.87(22) 0(11A)-S(ll) -0(llB) 119.92(10) 
C(2) - C(3) - C(4) 117.7( 	3) 0(11A)-S(11) -C(11) 110.54(11) 
C(3) - C(4) - C(S) 119.8( 	3) 0(11B)-S(11) -C(11) 107.77(11) 
C(4) - C(S) - C(6) 121,9( 	3) S(11) -C(11) -C(12) 119.90(19) 
 - C(6) - C(S) 119.9( 	3) S(ll) -C(11) -C(16) 119.32(19) 
 - N(2) -0(21) 117.62(20) C(12) -C(11) -C(16) 120.74(23)-- 
C(2) - N(2) -0(22) 118.73(20) C(11) -C(12) -C(13) 118.50(25) 
0(21) - N(2) -0(22) 123.62(21) C(12) -C(13) -C(14) 122.1( 	3) 
C(1) - C(7) - 0(7) 121.34(24) C(13) -C(14) -C(15) 118.1( 	3) 
C(1) - C(7) - C(8) 118.86(22) C(13) -C(14) -C(14M) 120.5( 	3) 
0(7) - C(7) - C(8) 119.73(24) C(15) -C(14) -C(14M) 121.4( 	3) 
C(7) - C(8) - N(8) 116.95(23) C(14) -C(15) -C(16) 121.6( 	3) 
C(7) - C(8) - N(9) 115.82(22) C(11) -C(16) -C(15) 118.95(25) 
N(8) - C(8) - N(9) 127.18(24) 
Table 3. Torsion angles(degrees) with standard deviations 
C(6) - C(l) - C(2) - C(3) 0.5( 4) 
 - C(i) - C(2) - N(2) -175.22(23) 
 - C(l) - C(2) - C(3) -178.3( 3) 
C(7) - C(l) - C(2) - N(2) 6.0( 4) 
C(2) - C(l) - C(6) - C(5) 0.1( 4) 
C(7) - C(l) - C(6) - C(S) 179.0( 3) 
C(2) - C(1) - C(7) - 0(7) -126.6( 3) 
C(2) - C(l) - C(7) - C(8) 56.4( 4) 
C(6) - C(1) - C(7) - 0(7) 54.6( 4) 
C(6) - C(1) - C(7) - C(8) -122.4( 3) 
C(1) - C(2) - C(3) - C(4) -0.7( 4) 
N(2) - C(2) - C(3) - C(4) 175.05(25) 
C(1) - C(2) - N(2). -0(21) 29.7( 3) 
C(1) - C(2) - t4(2) -0(22) -151.92(24) 
C(3) - C(2) - N(2) -0(21) -146.28(24) 
C(3) - C(2) - N(2) -0(22) 32.1( 3) 
C(2) - C(3) - C(4) - C(S) 0.2( 5) 
C(3) - C(4) - C(S) - C(6) 0.4( 5) 
C(4) - C(5) - C(6) - C(l) -0.6( 5) 
C(1) - C(7) - C(S) - N(8) -173.82(24) 
C(l) - C(7) - C(8) - N(9) 8.6(  
0(7) - C(7) - C(-8) - N(8) 9.1(  
0(7) - C(7) - C(8) - N(9) -168.43(25) 
C(7) - C(8) - N(9) -N(10) 179.29(20) 
	
N(8) - C(8) - N(9) -N(1O) 	2.0( 4) 
C(S) - N(9) -N(10) -S(li) -178.51(17) 
N(9) -N(10) -S(11) -0(11A) 173.31(15) 
N(9) -N(10) -S(11) - -0(11B) -58.76(18) 
N(9) -N(10) -S(11) -C(11) 	56.45(18) 
N(10) -S(ll) -C(ll) -C(12) -91.12(22) 
N(10) -S(ll) -C(11) -C(16) 86.85(22) 
0(11A)-S(11) -C(li) -C(12) 156.47(20) 
0(11A)-S(11) -C(11) -C(16) -25.56(24) 
0(11B)-S(l1) -C(11) -C(12) 23.68(23) 
0(.11B)-S(11) -C(l1) -C(16) -158.35(20) 
S(11) -C(11) -C(12) -C(13) 178.54(21) 
C(16) -C(li) -C(12) -C(13) 0.6( 4) 
S(11) -C(l1) -C(16) -C(15) -178.78(21) 
C(12) -C(Ii) -C(16) -C(15) -0.8( 4) 
-C(12) -C(13) -C(14) 	-0.2( 4) 
-C(13) -C(14) -C(15) 0.0( 4) 
C(12) -C(13) -C(14) -C(14M)-179.7( 3) 
-C(14) -C(15) -C(16) 	-0.2( 4) 
C(14M)-C(14) -C(lS) -C(16) 179.5( 3) 
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side reactions due to the amino group. In an attempt (Scheme 31), to exclude side-
reactions due to the amino group, it was decided to attempt to convert the amidrazone 
(129), either by acid-catalysed hydrolysis or by deamination, into the hydroxy-
hydrazone (13 1) which might be more amenable to cycisation. Alternatively the amino 
substituent in the amidrazone (129) could be deactivated by acetylation to afford an 
acetamide more prone to cycisation. Disappointingly, neither of these strategies were 
succesful. Thus, attempted acid-catalysed hydrolysis of the amino group in the 
amidrazone (129), by heating under reflux with aqueous hydrochloric acid in ethanol or 
with aqueous acetic acid, gave in the former case only an intractable gum and in the 
latter unreacted starting material (129). Similarly, attempted deamination of the 
amidrazone (129) using sodium nitrite in either aqueous hydrochloric acid-acetic acid 
gave in the former case only the unreacted starting material (129) and, in the latter, a 
complex mixture. Treatment of the amidrazone (129) with acetic anhydride under 
reflux afforded a product in good yield (63 %) which gave combustion analysis and 
spectroscopic data consistent with its formulation as 3-methyl-5-(2-niirobenzoyl)-1H-
1,2,4-triazole (132). The triazole (132) is presumably the result of the formation and 
spontaneous cydisation of the anticipated acetamido derivative (129; NHAc for NH 2) 
with concomitant expulsion of toluene-4-sulphonic acid. 
As stated previously failure of (Z)-3-(2-nitrobenzoyl)-1-(toluene-4- 
sulphonyl)formamidrazone (129) to undergo base-induced cyclisation to form the 
corresponding 1, 3, 4-trisubstituted cinnoline derivative (130), can be attributed to 
competition by carbene formation (Scheme 31) via the Bamford-Stevens reaction [(129) 
-*--, (134)]. To avoid this possible side reaction it was decided to investigate the 
potential base-catalysed cyclisation (Scheme 32) of (Z)-1-ethoxycarbonyl-3-(2- 
nitrobenzoyl)formamidrazone (135) which would not be prone to carbene formation. 
In practice, the ethoxycarbonylformamidrazone (135) was readily prepared (Scheme 
32), in high yield (84 %), by the reaction of ethyl 2-nitrobenzoylformimidate (114) 
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Scheme 32 
52 
from its analytical and spectroscopic properties and its () -stereochemistry was 
assigned by analogy with the structurally related tosylaniidrazone (129) prepared 
before. Unlike the later compound however, the ethoxycarbonyl derivative (135) exists 
in only one crystal form. 
Attempts to cydise the aniidrazone (135), using either 1M aqueous sodium 
carbonate or sodium ethoxidé in ethanol, gave unreacted amidrazone (135) as the sole 
identifiable material. Similarly, treatment of the ethoxycarbonylamidrazone (135)with 
sodium hydride in anhydrous dimethylformamide led to a high recovery of the 
unreacted starting material (135). The reason for the observed reluctance of the 
ethoxycarbonylamidrazone (135) to undergo base-catalysed cycisation to the 
aminocinnolinone derivative (136) is not clear, but may be due to the acid weakening 
effect of the amino group on the nearby hydrazone NH-substituent. The effect of 
which would be to inhibit base-induced ionisation of the latter and hence, ultimately, 
the base-induced cyclisation of the amidrazone (135). 
With the two amidrazone derivatives (129) and (135) ready to hand, it was 
decided to investigate (Scheme 33) their reductive cydisation. Catalytic reduction 
(Scheme 33) of the toluene-4-sulphonyl derivative (129) using hydrogen over 
palladium-on-charcoal in ethanol did not afford the 2-aminobenzoylformamidrazone 
(137) as was expected. Instead, spontaneous cyclisation of this intermediate species 
occured to give the previously undescribed isatin 2-(toluene-4-sulphonyl)hydraione 
(138), in moderate yield (38 %). The structure of the isatin derivative (138) was firmly 
established by the compound's combustion analysis, mass, i.r. and 1H n.m.r. spectra. 
An attempt to effect the partial reductive cycisation (Scheme 33) of the tosylamidrazone 
(129) to the N-hydroxyisatin derivative (139) using the selective reducing agent 40  (see 
before), sodium borohydride, in aqueous alkaline solution in the presence of 
palladium-on-charcoal gave only a complex mixture which yielded no identifiable 
material. However, as in the case of the tosylamidrazone (129) catalytic hydrogenation 
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isatin derivative (140) in high yield (78 %). The sructure of this hitherto unknown 
compound was established by its combustion analysis and spectroscopic properties. 
In an alternative attempt to demonstrate the nucleophilic displacement of the 
nitro group in 2-nitrobenzoylacetamide derivatives, our attention now turned 
(Scheme 34) to the synthesis and attempted base induced cycisation of 2-
nitrobenzoylformamidoxime (141). This previously unknown compound was readily 
prepared in high yield (94 %) by the reaction of ethyl 2-nitrobenzoylformimidate (114) 
with hydroxylamine hydrochloride in the presence of sodium carbonate. The 
formamidoxime (141) analysed correctly and showed spectroscopic properties in 
accord with its assigned structure. It is tentatively assigned (Z)-stereochemistry by 
analogy with the tosylamidrazone (129). 
Base-catalysed cycisation of the formaniidoxime (141) by nucleophilic 
displacement of the ortho-nitro group was predicted to afford the oxazinone derivative 
(143) but nonetheless would demonstrate the viability of this type of cycisation 
process. Moreover 2-nitrobenzoylformamidoxime (141) could still be exploited for 
cinnoline synthesis by reduction to the amine (142) followed by oxidative cycisation 
of the latter [(142) - (144)]. In fact, the attempted cycisation of the formamidoxime 
(141) by heating with sodium carbonate in ethanol gave only a good recovery (62 %) of 
the unreacted starting material. 
In an initial attempt to effect the reduction of the nitro group in 2-
nitrobenzoylformamidoxime, it was decided to use sodium borohydride in aqueous 
alkaline solution in the presence of palladium-on-charcoal as the reducing agent. These 
conditions (Scheme 34) could give either the required amine (142), or as discussed 
previously (see before) the hydroxyamino compound (145) (Scheme 35). However it 
was anticipated that either of the substrates (142) or - (145) could be employed for 
oxidative cyclisation to the corresponding cinnoline derivative. In practice however, 
reduction (Scheme 35) of the benzoylformamidoxime (14 1) with sodium borohydride 
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Scheme 35 
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(142) or the hydroxyamino compound (145) but rather a product, isolated in low yield 
(42 %) whose analytical, spectroscopic and chemical properties indicate it to be the 
isoxazole derivative (147). In particular, its i.r. spectrum lacked absorption due to a 
nitro group but contained bands at 3470-3320, 3200 and 1670 cm -1 , attributable to the 
amino, hydroxy and imino moities of a formamidoxime substituent. The structure of 
the isoxazole compound (147) was further confirmed by its chemical behaviour 
(Schemes 36 and 37). Thus, heating the compound (147) with acetic anhydride 
(Scheme 36) resulted in its high yield conversion (70 %) into a monoacetyl product, 
whose i.r. spectrum exhibited a high frequency carbonyl absorption at 1750 cm -1 , 
characteristic 43  of an oxime -Q-acetate derivative (148). In an initial attempt 
(Scheme 36) to acheive the hydrolytic degradation of the isoxazole amidoxime (147) 
into the hydroxamic acid (149), it was heated under reflux with dilute aqueous 
hydrochloric acid in ethanol. However, these conditions afforded a product in excellent 
yield (94 %) which regenerated the isoxazole starting material (147) on attempted 
purification by crystallisation and is therefore formulated as the unstable hydrochloride 
salt (150). The attempted base-catalysed hydrolysis of the isoxazole formamidoxime 
(147) was also unsuccessful. Thus, heating the compound under reflux with dilute 
aqueous alkali in ethanol gave only a good recovery (74 %) of the unreacted starting 
material (147). Conversely, attempted forcing alkaline hydrolysis of the isoxazole 
formamidoxime (147) by heating under reflux with 20 % W1 aqueous potassium 
hydroxide yielded only a low recovery (11 %) of unreacted isoxazole (147) and gave 
no other identifiable material. 
Reduction and oxidation were more useful in the structural confirmation of the 
isoxazole aniidoxime (147). Thus, whereas, attempted reduction (Scheme 37) of the 
isoxazole (147) using sodium dithionite in aqueous ethanol was largely without effect, 
catalytic hydrogenation afforded a low yield (11 %) of a product whose analytical and 
spectroscopic properties allowed its formulation as the aminobenzoylformamidoxime 
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1.111 
N-O bond in the isoxazole (147), therefore supporting the structure of the latter. This 
was further verified by oxidative degradation (Scheme 37). Thus, oxidation of the 
isoxazole amidoxime (147) with chromium trioxide in aqueous acetic acid at 1000  gave, 
albeit in low yield, a readily separated mixture of the known 44 isoxazolecarboxamide 
(15 1) and the known 45  isoxazolecarboxylic acid (152). 
The reductive formation of the isoxazole amidoxime (147) from 2-
niirobenzoylformamidoxime (141), is readily explained (Scheme 35) in terms of the 
intermediate formation and spontaneous cycisation of the hydroxylamine derivative 
(145): In contrast to reduction of the formamidoxime (141) using alkaline borohydride 
in the presence of palladium-on-charcoal, catalytic hydrogenation (Scheme 34) resulted 
in its conversion in high yield (72 %) into the expected amine (142), encountered 
before as a reduction product of the isoxazole derivative (147). 
At this stage the utility of the previously unknown 2-
nitrobenzoylformamidoxime (141) as a key starting material in heterocycisation 
reactions was briefly investigated (Scheme 38). To this end, attempts were made to 
exploit the carbonyl reactivity of the formamidoxime (141) for the synthesis of 
bifunctional derivatives suitable for subsequent heterocyclisation. Disappointingly, 
however, the attempted reactions of the formamidoxime (141) with hydroxylamine and 
with ethyl carbazate afforded high yields (88 % and 100 % respectively) of the 
unreacted starting material (141) rather than the anticipated carbonyl derivatives (153) 
and (154). 
Returning next (Scheme 39) to ethyl 2-nitrobenzoylformimidate (114) prepared 
earlier, attempts were now made to functionalise both the carbonyl group and the 
imidate function in a single step by the use of diamino compounds. This strategy 
should afford novel ring systems (155) containing a pendant amino substituent 
correctly situated for cydisation to afford fused cinnoline 1-N-oxide derivatives (156). 
Such a strategy is of course dependant on the carbonyl group in ethyl 2-
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this was indeed the case (Scheme 40). However, the reaction of thiourea in anhydrous 
ethanol failed to give any of the desired imidazole derivative (157), perhaps 
unsurprisingly, since the use of thiourea in pyrimidine synthesis for example ' often 
requires vigorous acidic conditions. These conditions could not be employed in the 
case of the reaction of the imidate (114) with thiourea because of the instability of the 
former to acidic conditions. 
In contrast to its lack of reaction with thiourea, the imidate (114) reacted readily 
(Scheme 40) with semicarbazide hydrochloride in ethanol in the presence of sodium 
carbonate. However the product was not the hoped-for aminotriazinone derivative 
(158) but instead the semicarbazide derivative (159), in good yield (69 %), whose 
analytical and spectroscopic properties were in accord with its assigned structure. The 
(a)- rather than -(n) stereochemistry for this product is tentatively assigned by analogy 
with the structurally related amidrazone (129) prepared before (Scheme 30). In an 
attempt to induce thermally the cycisation of the semicarbazone (159) to the triazinone 
(158) it was heated in the absence of solvent under reduced pressure, however, under 
these conditions (Scheme 40) the product, obtained in good yield (63 %), was the 
1,2,4-triazolone derivative (160). The structure of this product follows from its 
combustion analysis and spectroscopic properties and its formation from the 
semicarbazone (159) demonstrates the preferential cycisation of the latter by 
elimination of ammonia, rather than by condensation of the amino group of the 
semicarbazone moiety with the ketonic carbonyl group. 
Reaction of the imidate (114) with the more nucleophilic 1 ,2-diaminoethane 
gave a low yield (21 %) of a product, formulated on the basis of its analytical and 
spectroscopic properties as 5,6-diliydro-3-(2-nitrophenyl)pyrazin-2( lfl)-one (161). 
This product is presumably derived by hydrolysis of the imidate (114) to ethyl 2-
mtrobenzoylformate (120) prior to reaction with 1,2-diaminoethane. Alternatively it 
may be formed by hydrolysis of the imino derivative (161; NH for 0) subsequent to 
cycisation. 
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The reaction of the imidate (114) with ortho-phenylenediamine in ethanol at 
room temperature gave low yields (12 % and 7 % respectively) of a readily separated 
mixture of the expected amine (162) together with the corresponding quinoxalinone 
(163). The structure of both of these products was fully supported by their analytical 
and spectroscopic properties. The co-formation of the quinoxalinone (163) is again 
presumably the outcome of hydrolysis of the imidate (114) to the keto-ester (120) prior 
to reaction with the diamine or else susequent hydrolysis of the amine (162) reacting in 
its imino form. The structure of the quinoxalinone (163) was further verified by its 
unambiguous synthesis (Scheme 41); thus, heating ethyl 2-nitrobenzoylformate (120) 
with ortho-phenylenediamine in ethanol afforded the quinoxalinone (163) though only 
in low yield (44 
In an effort to enhance the yield of the aminoquinoxaline (162) and eradicate the 
formation of the unwanted quinoxalinone by-product (163), a variety of conditions 
were investigated for the reaction of the imidate (114) with ortho-phenylenediamine 
(Scheme 41). In each case a one-to-one ratio of reactants was used and the solvent, 
reaction temperature and reaction time were varied. Heating under reflux in anhydrous 
ethanol for 2 h produced the aminoquinoxaline (162) in moderate yield (40 %) with no 
evidence for the formation of the quinoxalinone (163). A similar result was observed 
by heating under reflux for 1 h in anhydrous acetonitrile, these conditions affording the 
quinoxaline (162) in 48 % yield with again no evidence of quinoxalinone (163) 
formation. Eventually, it was discovered that the most satisfactory conditions for the 
formation of the aminoquinoxaline (162) were to heat the imidate (114) and the diamine 
in anhydrous ethanol at 500  for 24 h. Under these conditions the aminoquinoxaline 
(162) was formed in excellent yield (85 %). 
Attempts (Scheme 41) to cycise the aminoquinoxaline (162) to the 
quinoxalinocinnoline is-oxide (164) were initially unsuccessful. Thus, heating under 
reflux with methanolic sodium hydroxide afforded only the unreacted starting material 
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gave only an intractable mixture. However, cydisation was effectively accomplished 
by heating the aminoquinoxaline (162) under reflux with benzyltrimethylammonium 
hydroxide in methanol. These conditions gave quinoxalino[2,3 -c]cinnoline 5-N-oxide 
in good yield (75 %) together with a trace-(8 %) of the quinoxalinone (163). The 
li-oxide (164) gave analytical and mass spectral data fully in accord with its assigned 
structure. 
The cydisation of the aminoquinoxaline (162) to the li-oxide  (164) represents a 
new synthetic route to the rarely described 47,48 quinoxalino[2,3- ]cinnoline ring 
system. Consequently, the versatility and scope of this new synthesis of 
quinoxalino[2,3-cjcinnoline derivatives was investigated and the chemistry of the rare 
heterocyclic products explored in some detail. 
The known 47,48  parent heterocycle (Scheme 42) quinoxalino[ 2,3-c]cinnoline 
was isolated in moderate yield (32 %) by cycisation of the aminoquinoxaline 
(162) using solid sodium hydroxide in 2-ethoxyethanol (cellosolve) as solvent. As to 
why the parent heterocycle (165) is formed in this case and not the li-oxide  (164) is not 
clear, however it is probable that the quinoxalinocinnoline derivative (165) is formed by 
initial formation of the li-oxide (164) and its subsequent reduction in the strongly 
alkaline alcoholic medium. The reduction of heterocyclic li-oxides to the parent 
heterocycles is known 49  to occur in alcoholic alkaline media. The structure of the 
quinoxalinocinnoline (165) was verified by its unambiguous synthesis by reduction of 
the AN-oxide (164), was accomplished using either sodium dithionite in aqueous 
dimethylformamide or triethylphosphite, the deoxygenated product (165) being formed 
in low to moderate yields (6-37 
Quinoxalinone li-oxides (167) (Scheme 43) are known 50  to undergo remote 
functionalisation in the benzene ring with concomitant deoxygenation when they are 
heated with acetic anhydride alone or in the presence of acetyl chloride or with 
concentrated hydrochloric acid. Processes of this type are exemplified (Scheme 43) by 









(162) 	 (164) 




NaOH, EtO(CH2)20H, heat. 
Na2S204, DMF, H20, heat. 





















b ; Cl 
Ac20, heat. 
AcC1, AcOH, heat. 
HC1 (conc.), heat. 
Scheme 43 
70 
quinoxalinocinnoline flj-oxide (164) is potentially capable of similar remote 
functionalisation at the 10-position [(164) -* (169 a) or (169 b)] it was of interest to 
investigate the behaviour of this fl-oxide towards heating in acetic anhydride or 
concentrated hydrochloric acid. In practice (Scheme 43), the quinoxalinocinnoline N - 
oxide (164) was unaffected by heating under reflux with acetic anhydride or in an 
attempted reaction with concentrated hydrochloric acid at room temperature. However, 
heating the j-oxide (164) with concentrated hydrochloric acid gave a good yield of a 
purple solid which could not be crystallised for purification but which, on treatment 
with cold dilute aqueous sodium hydroxide, was reconverted into the starting material 
(164). On the basis of these observations the purple solid is tentatively formulated 
(Scheme 43) as the unstable hydrochloride (170). The stability of the li-oxide  (164) 
towards hydrogen chloride has also been observed by Smith et al. 51  and contrasts with 
the chlorination observed by those authors when quinoxalino[2,3-cjcinnoline (165) 
itself is treated with hydrogen chloride. 
With the intention of evaluating the scope of the new quinoxalino[2,3-
]cinnoline synthesis (Scheme 44), a series of 2-amino-3-(2-nitrophenyl)quinoxaline 
derivatives (172) were prepared by reaction of ethyl 2-nitrobenzoylformimidate (114) 
with appropriately substituted ortho-phenylenediamine derivatives (171). Cyclisation 
of the resulting aminoquinoxalines (172) using methanolic benzyltrimethylammonium 
hydroxide was then investigated. 
Reaction of the imidate (114) with 3,4-diaminotoluene (171 a) gave a product in 
good yield (65 %), whose combustion analysis and spectroscopic properties showed it 
to be an isomeric mixture of 2-amino-6-methyl-3-(2-nitrophenyl)quinoxaline (172 a) 
and 2-amino-7-methyl-3-(2-nitrophenyl)quinoxaline (172 b). In particular, the 1H 
n.m.r. spectrum showed two three-proton singlets attributable to the presence of two 
discrete methyl groups. Unfortunately, all attempts to separate the mixture of the two 
isomers (172 a) and (172 b) were unsuccessful, consequently cyclisation was attempted 
on the intact mixture. However, attempted cycisation using methanolic 
benzyllrimethylammonium hydroxide gave, in this instance, only intractable material 
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which yielded no identifiable product 
As a means (Scheme 44) of circumventing the formation of an isomeric mixture 
of quinoxaline derivatives (172), the imidate (114) was next condensed with 1,2-
dianiino-4,5-dimethylbenzene (171 c) to afford 2-amino-6,7-dimethyl-3-(2-
nitrophenyl)quinoxaline (172 c), in good yield (82 %). The quinoxaline derivative 
(172 c) gave analytical and mass spectral data and showed i.r. and 1H n.m.r. 
absorption consistent with its assigned structure. Unfortunately, attempts to cyclise the 
aminoquinoxaline (172 c) to the corresponding quinoxalinocinnoline fl-oxide (173 c) 
were again unsuccessful; refluxing the aminoquinoxaline (172 c) with an excess of 
benzyltrimethylammonium hydroxide for 4 h gave only a substantial amount (54 %) of 
unreacted starting material (172 c) together with an intractable tar. Increasing both the 
reaction time and the excess of base gave only degraded products which could not be 
purified or identified. 
The failure of the 2-aminoquinoxaline derivatives (172 a-c) substituted with 
electron donating groups to undergo base-catalysed cyclisation to the corresponding 
quinoxalinocinnoline N-oxides (173 a-c) is surprising, but is presumably due to the 
acid weakening effect of the methyl substituents on the amino group, despite their 
remoteness from the latter. In order to test this hypothesis, it was next decided to 
synthesise and investigate the base-catalysed cyclisation of 2-amino-3-(2-
nitrophenyl)quinoxaline derivatives (172) containing electron withdrawing substituents 
in the fused benzene ring (Scheme 44). Such substituents should promote cycisation. 
Treatment (Scheme 44) of ethyl 2-nitrobenzoylformimidate (114) with 4-
chloro- 1 ,2-diaminobenzene (171 d) gave a mixture of the two possible isomeric 
aminoquinoxalines, 2-amino-6-chloro-3-(2-nitrophenyl)quinoxaline (172 d) and the 
corresponding 7-chloro isomer (172 e) in low overall yield (20 %). Once again the 
presence of the isomers (172 d and e) in the product mixture was demonstrable by its 
n.m.r. spectrum, which contained proton signals due to two discrete N}{ 2 groups. 
The inefficiency of quinoxaline formation in this reaction is presumably due to the 
reduced nucleophiicity of the amino groups in 4-chloro- 1 ,2-diaminobenzene resulting 
from electron withdrawal by the chioro-substituent. However, in contrast to the 
inertness of the methyl-substituted aminoquinoxalines (172 a-c) to cyclisation (see 
before), the isomeric mixture of 2-amino-6-chloro-3-(2-nitrophenyl)quinoxaline 
(172 d) and 2-amino-7-chloro-3-(2-nitrophenyl)quinoxaline (172 e) was readily 
cydised using methanolic benzyltrimethylammonium hydroxide as base, affording the 
corresponding mixture of 10- and 9-chloroquinoxalino[2,3-cjcinnoline 5-N-oxides 
(173 d) and (173 e) in high yield (71 %). The mixture of isomeric N-oxides (173 d) 
and (173 e) could not be separated unfortunately, but its constitution follows from 
accurate mass analysis and i.r. and 1H n.m.r. spectral characteristics. The success of 
the base-catalysed cycisation of the aminoquinoxaline mixture (172 d) /(172 e) is in 
marked contrast to the failure of the attempted cyclisations of the methyl substituted 
aminoquinoxalines (172 a-c) and may be attributed to the increased acidity of the amino 
groups in the chloro-derivatives (172 d) and (172 e), thus facilitating deprotonation by 
the basic catalyst (see Scheme 19 for proposed mechanism) and hence cyclisation. The 
ease of cyclisation observed with the halogenated derivatives (172 d) and (172 e) 
caused us to attempt the synthesis (Scheme 45) of other 2-aminoquinoxaline derivatives 
(175) bearing electron withdrawing substituents on the benzene ring. Their subsequent 
cyclisation to afford the corresponding cinnolinoquinoxaline N-oxides might then be 
investigated. Unfortunately, the attempted reaction (Scheme 45) of ethyl 2-
nitrobenzoylformimidate (114) with 1,2-diamino-4-nitrobenzene (174 a) gave, on work 
up, only a high recovery of the unreacted diamine (174 a). A high recovery of the 
unreacted starting materials were also obtained after the attempted reaction of the 
imidate (114) with 3,4-diaminobenzophenone (174 b). This observed lack of reactivity 
is once again probably a result of the decreased nucleophilic character of the amino-
groups in the ortho-phenylenediamine starting materials (174 a and 174 b). 
The reaction (Scheme 45) of ethyl 2-nitrobenzoylformimidate (114) with non-
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with 2,3-diaminopyridine (176) in anhydrous ethanol gave only an intractable oil from 
which no identifiable material could be obtained, rather than either of the hoped for 
pyridopyrazine derivatives (177 or 178). In contrast however, the reaction (Scheme 
46) of ethyl 2-nitrobenzoylformimidate (114) with 2,3-diaminonaphthalene (179) was 
successful, affording 2-amino-3-(2-niirophenyl)benzo[g]quinoxaline (180) though only 
in moderate yield (49 %). Base-catalysed cyclisation (Scheme 46) of the 
aminobenzoquinoxaline (180) gave the corresponding benzoquinoxalinocinnoline hl-
oxide (18 1) in high yield (77 %). The hl-oxide (18 1) was difficult to purify because of 
its insolubility, but gave an accurate mass analysis consistent with its assigned 
structure. As might have been anticipated from the deactivating effect of the quinonoid 
nucleus on its amino substituents, 1,2-diaminoanthraquinone (182) failed to react with 
the imidate (114) to afford either of the two possible condensation products (183) or 
(184). Instead the diamine (182) was recovered unchanged in high yield. 
In order to further study the effects of substituents on the ease of synthesis of 
the quinoxa1ino[2,3-]cinnoline nucleus (Schemes 47 and 48), a number of ethyl 2-
nitrobenzoylformimidate derivatives (190) carrying substituents on the benzene ring 
were prepared. 
The known 52 5-chloro-2-nitrobenzaldehyde (186 a) was prepared in high yield 
(82 %) by nitration of (185). Treatment of the nitro-aldehyde (186 a) with potassium 
cyanide in aqueous acetic acid afforded the corresponding known 53  cyanohydrin 
(187 a) also in high yield (79 %), and this compound was then readily converted into 
the imidate hydrochloride (188 a) by treatment with ethanolic hydrogen chloride. Ethyl 
2-hydroxy-2-(5-chloro-2-nitrophenyl)acetimidate hydrochloride (188 a) was thus 
isolated in high yield (71 %) and had analytical and spectroscopic properties consistant 
with its assigned structure. Treatment of the hydrochloride (188 a) with ethereal 
ammonia converted it, in high yield (96 %), into the free imidate (189 a) which 
analysed correctly as well as giving i.r., 1H n.m.r. and mass spectra in accord with its 
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dioxide to afford the keto-imidate (190 a) in high yield (84 %) the structure of which 
was fully confirmed by its analytical and spectroscopic properties. The reaction 
(Scheme 48) of ethyl 5-chloro-2-nitrobenzoylformimidate (190 a) with ortho-
phenylenediainine in ethanol gave the expected aminoquinoxaline derivative (191 a) in 
high yield (66 %). The aniinoquinoxaline (191 a) gave correct analytical and 
spectroscopic data in full accord with its assigned structure. Unexpectedly however, 
cydisation of the aminoquinoxaline (191 a) using methanolic 
benzyltrimethylammonium hydroxide afforded not the expected 
chloroquinoxalinocinnoline j-oxide (193 a) but rather a good yield (68 %) of a product 
with analytical and spectroscopic properties consistent with the methoxy derivative 
(192). Also formed as a by-product (yield 27 %) of this reaction was the 
methoxyquinoxalinone derivative (194), whose structure follows from its analytical and 
spectroscopic properties. The formation of the methoxyquinoxalinone (194) is readily 
explained in terms of nucleophilic displacement of the chioro-substituent in the 
aminoquinoxaline (191 a) by methanol under the basic reaction conditions with 
concomitant solvolysis of the amino-substituent. The conversion of the 
aminoquinoxaline (191 a) into the methoxyquinoxalinocinnoline fl-oxide  (192) may 
likewise be accounted for by replacement of the chioro-substituent by a methoxy group 
either prior to or, after cydisation. The involvement of the solvent in the base-catalysed 
cyclisation of the aminoquinoxaline (191 a) was readily overcome using aqueous 
benzyltrimethylammonium hydroxide as the basic catalyst. This reagent promoted the 
cyclisation of the aminoquinoxaline (191 a) to the chioroquinoxalinocinnoline s-oxide 
(193 a) in moderate yield (42 %). In accord with the probable intermediacy of the 
chloroquinoxalinocinnoline fl-oxide (193 a) in the cyclisation of the aminoquinoxaline 
(191 a) to the methoxyquinoxalinocinnoline (192), it was converted quantitatively into 
the latter by treatment with methanolic benzyltrimethylammonium hydroxide. In 
contrast, the chloro group in the aminoquinoxaline derivative (191 a) itself was found 
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that it could not be involved as an intermediate in the formation of the 
methoxyquinoxalinocinnoline -oxide (192) or the methoxyquinoxalinone by-product 
(194). The latter compound is therefore probably derived by initial solvolysis of the 
amino group in the chloronitrophenylquinoxaline (191 a) to give the corresponding 
quinoxalinone followed by nucleophilic displacement of the chloro group in the latter 
by methanol. 
Using the synthetic strategy developed earlier (Schemes 47 and 48), the 
synthesis of 2-bromoquinoxalino[2,3-cjcinnoline 5 -i-oxide (193 b) was undertaken. 
The known 54  3-bromo-5-nitrobenzaldehyde (186 b) was prepared in high yield (88 %) 
by nitration of 3-bromobenzaldehyde (185 b). The product (186 b) was then treated 
with potassium cyanide in aqueous acetic acid to give the known 53  cyanohydrin 
(187 b) which in turn was converted into the imidate (189 b) via its hydrochloride salt 
(188 b) in excellent overall yield [89 %, from the cyanohydrin (187 b)]. The resulting 
hydroxyacetimidate (189 b) was smoothly oxidised by manganese dioxide to afford 
ethyl 3-bromo-5-nitrobenzoylformimidate (190 b) in high yield (84 %). Condensation 
(Scheme 48) of the imidate (190 b) with ortho-phenylenediamine afforded the desired 
aniinoquinoxaline derivative (191 b) in high yield (79 %). Once again, as in the case of 
the chloroquinoxaline (191 a), cyclisation of 2-amino-3-(5-bromo-2-
nitrophenyl)quinoxaline (191 b) using methanolic benzyltrimethylamrnonium hydroxide 
gave the methoxyquinoxalinocinnoline fl-oxide (192) in high yield (74 %) together 
with some of the corresponding quinoxalinone (194) (13 %). As before, using 
aqueous conditions in this reaction, gave the bromoquinoxalinocinnoline j-oxide 
(193 b) in excellent yield (91 %). The bromoquinoxalinocinnoline flj-oxide (193 b) 
was readily converted into the methoxy derivative (192) by treatment with methanolic 
benzyltrimethylammonium hydroxide. 
At this point the investigation of 2-nitroaroylformirnidates as precursors of 
substituted cinnoline derivatives was terminated and attention was next turned to the 
synthesis of structurally interesting fused cinnoline derivatives with a view to their 
subsequent transformation into substituted cinnolines. The results of these studies are 
presented in Chapters 3 and 4. 
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Experimental Section 
General Experimental Details 
Infrared spectra were recorded using a Perldn-Elmer 298 Spectrophotometer 
and bands were strong and sharp unless specified as w (weak) or br (broad). Solids 
were measured as suspensions (mulls) in Nujol and liquids as thin films. 
n.m.r. spectra were measured in the stated solvent at 80 MHz using a 
Bruker WP-80SY instrument, at 200 MHz using a Bruker WP-200SY instrument, or at 
360 MHz using a Bruker WH-360 instrument. Signals were sharp unless specified as 
b (broad); s = singlet, d = doublet, dd = double doublet, t = triplet, q = quartet, and m 
= multiplet. 13C n.m.r. spectra were recorded at 50 MHz using a Bruker WP-200SY 
spectrometer and were fully decoupled. Signals were sharp and quat. = quartenary 
carbon atom. Quartenary carbon atoms and methylene groups were identified by 3/4 
DEPT (Distortionless Enhancement by Polarisation Transfer) pulse sequence spectra. 
Electron Inpact (El) mass spectra were recorded at 70 eV on A.E.I. MS-902 
and Kratos MS-50TC instruments. Fast Atom Bombardment (FAB) mass spectra were 
measured on a Kratos MS-50TC instrument for matrices in thioglycerol. 
X-ray diffraction data were collected using a Stoe-Stadi 4 four circle 
diffractometer on single crystals grown from the stated crystallisation solvent. 
Microanalyses were determined using a Carlo-Erba Strumentazione 1106 
elemental analyser. Routine melting points (m.p.) were carried out using a Gallenkamp 
apparatus and are uncorrected. Melting points of analytical samples were determined 
using a Kofler hot-stage apparatus and are uncorrected. 
All reagents were laboratory grade unless specified. Sodium hydride was an 
80 % suspension in mineral oil and was washed with anhydrous ether before use. 
Solvents were of technical grade unless otherwise stated and unless specified light 
petroleum had b.p. 60-80°. Organic extracts were dried over anhydrous magnesium 
sulphate or sodium sulphate prior to filtration and rotary evaporation under reduced 
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pressure. All yields are based on isolated products. 
Wet column flash-chromatography was carried out over silica (Merck type 
9385) or aluminia (Merck type 1097) and dry column flash-chromatography was 
carried out over silica (Merck type 7736). Thin layer chromatography (t.1.c.) was 
carried out using Polygram SIL Gjrjy2  or Polygram ALOX N/UV254  precoated plastic 
sheets. 
5-Chloro-2-nilrobenzaldehyde (186 a 
5-Chloro-2-nitrobenzaldehyde (186 a) was prepared by the nitration of 3-
chlorobenzaldehyde (185 a) with potassium nitrate in concentrated sulphuric acid at 0 0, 
as described by Eichengrum and Einhorn 52,  yield 82 %, m.p. 67-720 (lit., 52  780) and 
was used without further purification. 
5-Bromo-2-nitrobenzaldehyde (186 b 
5-Bromo-2-nitrobenzaldehyde (186 b) was prepared by the nitration of 3-
bromobenzaldehyde (185 b) with potassium nitrate in concentrated sulphuric acid at 0 0  
as described by Einhom and Gernsheim yield 88 %, m.p. 68-70° (lit., M  740) and 
was used without further purification. 
2-Hydroxv-2-(2-nitixarvflacetonitrile Derivatives 
A suspension of the corresponding 2-niirobenzaldehyde (0.7 mol) in glacial 
acetic acid (250 ml) was treated dropwise with stirring at 10 0 (ice-bath) with a solution 
of potassium cyanide (66.0 g; 1.0 mol) in water (132 ml). After one third of the 
cyanide solution had been added the mixture was cooled to 0-50 (ice-salt bath) then 
rapidly treated with the remainder of the cyanide solution. The mixture was stirred at 
room temperature for 5 h., diluted with water (900 ml) and stored overnight in a 
refrigerator then worked up as described for the individual reactions below. 
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2-Hvdroxv-2-(2-nitrophenyflacetonitrile (100) 
The mixture from 2-nitrobenzaldehyde (99) was filtered and the precipitated 
solid collected, treated with water then extracted with methylene chloride to afford 2-
hydroxy-2-(2-nitrophenyl)acetonitrile (100) (83 %), m.p. 86-91 0 (lit., 35  91-930) 
which was used without further purification. 
2-Hvdroxy-2-(5-chloro-2-nitrophenyl)acetonitrile (187 a) 
The mixture from 5-cbloro-2-mtrobenzaldehyde (186 a) was extracted with 
methylene chloride and the extract washed with 10 % w/ aqueous sodium bicarbonate 
(100 ml) then evaporated to give the known 53 2-hydroxy-2-(5-chloro-2-
nitrophenyl)acetonitrile (187 a) as a dark oil (79 %), lJmax 3390 (br) (OH), 2260 
(CEN) and 1520 and 1350 (NO 2) cm-1 , which, due to its instability was used without 
further purification. 
2-Hvdroxy-2-(5-bromo-2-nitrophenvl)acetonitrile (187 b) 
The mixture from 5-bromo-2-nitrobenzaldehyde (186 b) was filtered and the 
collected solid washed with water and dried in vacuo then treated with ether-light 
petroleum (1:1) and the mixture filtered to remove some insoluble material. 
Evaporation of the ethereal filtrate afforded the known 53  2-hydroxy-2-(5-bromo-2-
nitrophenyl)acetonitrile (187 b) (75 %) which formed colourless prisms, imp. 82-840 
(from benzene) (lit., 53  81°), Umax 3200 (br) (OH), 2250 (CEN) and 1520 and 1340 
(NO2) cm-1, 8H (CDC13) 8.14 (1H, d, Jmeta 3 Hz, ArH), 8.07 (1H, d, Jortho 9 Hz, 
ArH), 7.73 (1H, dd, Jortho 9 Hz and Jmeta 3 Hz, ArH), 6.19 (1H, s, CH) and 3.18 
(1H, brs, OH) (exch.). 
Found: C, 35.1; H, 2.3; N, 10.3 %; m, (El ms), 257.9469 and 255.9484 
(M) 




A solution of 2-hydroxy-2-(nitrophenyl)acetonitrile (100) (3.6 g; 0.02 mol) in 
anhydrous 1,2-dimethoxyethane (60.0 ml) was stirred and treated with activated 
manganese dioxide (Aldrich 21,764-6) (30.0 g) and the mixture stirred at room 
temperature with exclusion of atmospheric moisture for 10 mm. 
The mixture was filtered through celite and the filtrate evaporated to give a 
gummy solid which solidified on treatment with light-petroleum to afford 2-(2-
nilrobenzoyloxy)-2-(2-nitrophenyl)acetonitrile (103) (2.4 g; 72 %), m.p. 110-115° 
(from glacial acetic acid-water), 10max 1740 (C=O) and 1530 and 1350 (NO 2) cm-1 , 
oH [(CD3)2S0] 8.30-7.75 (8H, m, AM) and 7.31 (1H, s, CH). 
Found: C, 54.7; H, 23; N, 12.8 % m/ (El ms), 281 (M-NO 2), 
m, (FAB ms), 328 [(M+H)]. 
C15H9N306 requires: C, 55.0; H, 2.8; N, 12.8%; M, 327. 
The Attempted Acid Catalysed Hydrolysis of 242-nitrobenzovloxy)-242-
niirophenvl)acetonitrile (103) 
A stirred suspension of 2-(2-nitrobenzoyloxy)-2-(2-nitrophenyl)acetonitrile 
(103) (0.65 g; 0.002 mol) in glacial acetic acid (10.0 ml) was treated with 2M aqueous 
hydrochloric acid then heated at 100 0 for 30 mm. 
The mixture was evaporated and the residue treated with 10 % W/v  aqueous 
sodium bicarbonate (10.0 ml) then extracted with methylene chloride to give only the 
unreacted starting material (0.56 g; 86 %), m.p. 110-115°, identical (m.p. and i.r. 
spectrum) to an authentic sample. 
Work up of the aqueous bicarbonate mother liquor gave no further identifiable 
material. 
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The Hydrolysis of 2-(2-Nitrobenzovloxv)-2-(2-nitrophenyl)acetonitrile (103) using 
Aqueous Sodium Hydroxide 
A suspension of 2-(2-nitrobenzoyloxy)-2-(2-nitrophenyl)acetonitrile (103) 
(0.65 g; 0.002 mol) in 2M aqueous sodium hydroxide (10.0 ml) was stirred and heated 
at 1000 for 10 min. 
The resulting solution was cooled then extracted with methylene chloride to give 
only a negligable quantity of unidentified gum. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid, 
extracted with methylene chloride and the resulting two phase mixture filtered to 
remove a small amount of insoluble material. Evaporation of the methylene chloride 
extract gave a wax which was washed with toluene-ether to afford 2-nitrobenzoic acid 
(104) (0.18 g; 54 %), nip. 130-1380 , identical (m.p. and i.r. spectrum) to an authentic 
sample. 
Further work up of the toluene-ether mother liquor gave no other identifiable 
material. 
Ethyl 2-Hvdmxy-2-(2-nitroaM)acetimidate Hydrochlorides 
Ethyl 2-Hydroxy-2-(2-nitrophenyl)acetimidate Hydrochloride (105) 
Ethyl 2-hydroxy-2-(2-nitrophenyl)acetimidate hydrochloride (105) was 
prepared by the hydrogen chloride catalysed reaction of 2-hydroxy-2-(2-
nitrophenyl)acetonitrile (100) with ethanol in anhydrous ether as described by Heller 
and Amberger 36,  yield 99 %, m.p. 137-1380 (lit., 36  1330). 
A solution of the corresponding 2-hydroxy-2-(2-nitroaryl)acetonitrile derivative 
(0.2 mol) in anhydrous ether (100 ml) and anhydrous ethanol (100 ml) was treated at 
0-100 (ice-bath) with exclusion of atmospheric moisture with a slow stream of 
hydrogen chloride until saturated. The mixture was stoppered and stored in a 
refrigerator overnight then worked up as described for the individual reactions 
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described below. 
Ethyl 2-Hydroxv-2-(5-chloro-2-nitrophenyl)acetimidate Hydrochloride (188 a) 
The mixture from 2-hydroxy-2-(5-chloro-2-nitrophenyl)acetonitrile (187 a) was 
filtered and the collected solid washed with ether and dried in vacuo to afford ethyl 2-
hydroxy-2-(5-chloro-2-nitrophenyl)acetimidate hydrochloride (188 a) (71 %), which 
formed colourless needles, m.p. 133-1350 (from ethanol), Dmax 3170 (br) (OH), 1650 
(C=N) and 1530 and 1360 (NO2) cm-1, 8 [(CD 3)2S0] 8.17-7.61 (6H, m, ArH), 7.32 
(1H, s, NH), 6.69 (1H, s, NH), 6.03 (1H, s, CH), 5.69 (1H, s, CH), 4.42 (2H, q, 
J 7 Hz, '2) 4.09 (2H, q, J 7 Hz, CH2), 1.18 (3H, t, J 7 Hz, CH -3) and 1.14 (3H, t, 
J 7 Hz, CH3) changed on shaking with D 20 to 8.14-7.58 (3H, m, ArH), 5.66 (1H, s, 
CH), 4.06 (2H, q, J 7 Hz, CH2) and 1.11 (3H, t, J 7 Hz, CH 3). 
Found: C, 40.0; H, 4.1; N, 9.6 %; m, (FAB ms), 261 [(M+H)-CI]. 
CI0H12 C12N204 requires: C, 40.7; H, 4.1; N, 9.5 %; M, 295. 
Evaporation of the ethereal mother liquor gave an oil whose t.1.c. in ether over 
silica showed it to be an unresolvable multicomponent mixture which was not further 
investigated. 
Ethyl 2-Hvdroxv-2-(5-bromo-2-nitrophenyl)acetimidate Hydrochloride 088 b) 
The mixture from 2-hydroxy-2-(5-bromo-2-nitrophenyl)acetonitrile (187 b) was 
filtered and the collected solid washed with ether and dried in vacuo to afford ethyl 2-
hydroxy-2-(5-bromo-2-nitrophenyl)acetimidate hydrochloride (188 b) as colourless 
needles, m.p. 136-1400, t)max 3080 (br) (OH), 1660 (C=N) and 1530 and 1350 (NO 2) 
CM-1,  8H [(CD3)2SO] 8.08-7.77 (3H, m, ArH), 7.25 (1H, s, NH) (exch.), 5.69 (1H, 
s, CH), 4.09 (2H, q, J 7 Hz, CH2), 3.5 (1H, brs, OH) (exch.), and 1.14 (3H, t, 
J 7 Hz, CH3). 
Found: C, 34.6; H, 3.4; N, 8.2 %; rn,2 (FAB ms), 305 and 302 [(M+H)-CI]. 
CIOH12 Br Cl N2 04 requires: C, 35.3; H, 3.5; N, 8.3 %; M, 339.5. 
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The Attempted Pyrolysis of Ethyl 2-Hydroxy-2-(2-nitron hen yl)acetimidate 
Hydrochloride (105) 
Ethyl 2-hydroxy-2-(2-nitrophenyl)acetimidate hydrochloride (105) (0.27 g; 
0.001 mol) was heated under reduced pressure in a kugelrohr apparatus at 
2000 / 0.01 mmHg until a melt was formed. Heating was continued for 15 mm. until 
gas evolution had ceased. 
Cooling gave a glass (0.18 g) whose t.l.c. in methylene chloride over silica 
showed it to be a multicomponent mixture from which no identifiable material could be 
obtained. 
Ethyl 2-Hydroxy-2-(2-nitroarvl)acetimidates 
(a) 	A suspension of the corresponding ethyl 2-hydroxy-2-(2-nitroaryl)acetimidate 
hydrochloride (0.1 mol) in anhydrous ether (1000 ml) was stirred and treated at 200 
with exclusion of atmospheric moisture with a slow stream of gaseous ammonia for 
1.5 h. 
The mixture was filtered to remove ammonium chloride and the filtrate 
evaporated to obtain the respective ethyl 2 7hydroxy-2-(2-nitroaryl)acetimidate. 
(i) Ethyl 2-Hvdroxv-2-(2-nitrophenyl)acetimidate (110) 
Ethyl 2-hydroxy-2-(2-nitrophenyl)acetimidate hydrochloride (105) gave ethyl. 
2-hydroxy-2-(2-nitrophenyl)acetimidate (110) (99 %), which formed colourless plates, 
m.p. 108-1090 (from ethanol-light petroleum), 'Umax 3300 (NH), 3020 (br) (OH), 
1660 (C=N) and 1530 and 1360 (NO2) CM-1,  8H (CDC13) 8.88 (1H, s, NH) (exch.), 
8.21-7.19 (4H, m, ArH), 5.84 (1H, s, CH), 5.73 (1H, s, CH), 4.31-3.96 (1H, m, 
CH2), 3.82-3.46 (1H, m, CH2) and 1.41-1.05 (3H, m, CH 3 ). 
Found: C, 53.4; H, 5.4; N, 12.6 %; m, (FAB ms), 225 [(M+H)]. 
C10HJ2N2O4 requires: C, 53.6; H, 5.4; N, 12.5 %; M, 224. 
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Ethyl 2-Hydroxy-2-(5-chloro-2-nitrophenyl)acetimidate (189 a) 
Ethyl 2-hydroxy-2-(5-chloro-2-nitrophenyl)acetimidate hydrochloride (188 a) 
gave ethyl 2-hydroxy-2-(5-chloro-2-nitrophenyl)acethnidate (189 a) (96 %) which 
formed colourless prisms, m.p. 104-1060 (from acetonitrile), Dmax 3280 (NH), 2980 
(br) (OH), 1650 (C=N) and 1530 and 1350 (NO2) cm -1, 3H (CDC13) 7.87 (1H, d, 
Jortho 9 Hz, ArH), 7.61 (1H, d, Jmeta 2 Hz, ArH), 7.82 (1H, dd, Jortho 9 Hz and 
Jmeta 2 Hz, ArH), 5.87 (1H, s, CH), 4.60 (1H, brs, OH) (exch.), 4.09-4.02 (2H, m, 
CH2) and 1.23-1.11 (3H, m, CH3). 
Found: C, 46.8; H, 4.3; N, 11.1 	m/  (FAB ms), 260 [(M+H)]. 
CioHii C1N204 requires: C, 46.4; H, 4.3; N, 10.8 %; M, 258.5. 
Ethyl 2-Hvdroxv-2-(5-bromo-2-nitrophenyflacetinijdate 089 b) 
Ethyl 2-hydroxy-2-(5-bromo-2-nitrophenyl)acetimidate hydrochloride (188 b) 
gave ethyl 2-hydroxy-2-(5-bromo-2-nilrophenyl)acetimidate (189 b) (94 %) which 
formed colourless prisms, m.p. 101-102° (from toluene), Dmax 3270 (NH), 3100 (br) 
(OH), 1660 (C=N) and 1530 and 1360 (NO2) cm -1,  &H (CDC13) 7.85-7.50 (3H, m, 
ArH), 5.84 (1H, s, CH), 4.06 (2H, q, J 7 Hz, CH 2) and 1.15 (3H, t, CH3 ). 
Found: C, 39.3; H, 3.7; N, 9.1 %; m, (FAB ms), 305 and 303 [(M+H)]. 
CrnHii BrN2O4 requires: C, 39.6; H, 3.6; N, 9.2 %; M, 303. 
(b) Ethyl 2-hydroxy-2-(2-nitrophenyl)acetimidate (110) 
A solution of ammonia (0.09 g; 0.005 mol) in anhydrous ethanol (15.0 ml) was 
treated with a single portion of ethyl 2-hydroxy-2-(2-nitrophenyl)acetimidate 
hydrochloride (105) (1.3 g; 0.005 mol) and the mixture was stoppered and shaken at 
room temperature for 2 h then stored in a refrigerator overnight. 
The precipitated solid was collected and combined with a second crop obtained 
by evaporating the filtrate and triturating the residue with ether to afford ethyl 2-
hydroxy-2-(2-nitrophenyl)acetimidate (110) (1.0 g; 91 %), m.p. 96-980 , identical 
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(m.p. and is. spectrum) to an authentic sample prepared before. 
The Attempted Hydrolysis of Ethyl 2-Hydroxv-2-(2-nitrophenvl)acetimidate (110) 
A solution of ethyl 2-hydroxy-2-(2-nitrophenyl)aceiimidate (110) (0.45 g; 
0.002 mol) in 70 % V/ aqueous ethanol (10.0 ml) was heated under reflux for 30 mm. 
The mixture was evaporated to give an intractable gum (0.43 g) whose t.1.c. in 
methylene chloride over silica showed it to be a complex mixture which was not further 
investigated. 
The Attempted Reaction of Ethyl 2-Hydroxy-2-(2-nitrophenyl)acetimidate (110) with 
Liquid Ammonia 
Ethyl 2-hydroxy-2-(2-nitrophenyl)acetimidate (110) (0.45 g; 0.002 mol) was 
cautiously added to a stirred solution of liquid ammonia (30.0 ml) cooled in an acetone-
solid CO2 bath and stirring continued until the ammonia had evaporated. 
The residual solid was treated with water and collected to give the unreacted 
starting material (110) (0.48 g; 100 %), m.p. 101-104°, identical (m.p. and i.r. 
spectrum) to an authentic sample. 
The Attempted Photolysis of Ethyl 2-Hydroxy-2-(2-nitrophenyl)acetimidate (110) 
A solution of ethyl 2-hydroxy-2-(2-nitrophenyl)acetiniidate (110) (1.1 g; 
0.005 mol) in anhydrous ethanol (200 ml) was irradiated under nitrogen in a Hanovia 
medium pressure photochemical reactor for 7 h. 
The resulting solution was evaporated to give an intractable glass (1.0 g) whose 
t.l.c. in ethyl acetate over silica showed it to be a multicomponent mixture which was 
not therefore further investigated. 
Ethyl 2-Nitroaroy1formimidates 
(a) 	A solution of the corresponding ethyl 2-hydroxy-2-(2-nitroaryl)acetimidate 
91 
(0.1 mol) in anhydrous acetonitrile (1200 ml) was stirred and treated at 0-10° (ice-bath) 
with activated manganese dioxide (Aldrich; 21, 764-6) (50.0 g). The suspension was 
then stirred at 100  with exclusion of atmospheric moisture for 15 mm. 
The mixture was then filtered through celite and the filtrate evaporated to afford 
the respective ethyl 2-nitroaroylformimidates. 
Ethyl 2-Nitrobenzoylformimidate (114) 
Ethyl 2-hydroxy-2-(2-nitrophenyl)acetimidate (110) gave ethyl 2-
nitrobenzoylformimidate (114) (93 %) which formed cream crystals, m.p. 67-70 0  
(from toluene-light petroleum), Dmax 3300 (NH), 1720 (C=O), 1650 (C=N) and 1520 
and 1350 (NO2) cm-1,  6H (CDC1 3) 8.84 (1H, brs, NH) (exch.), 8.19-8.07 (1H, m, 
AM), 7.85-7.42 (3H, m, ArH), 4.17 (2H, q, J 7 Hz, CH2) and 1.13 (3H, t, J 7 Hz, 
CH3). 
Found: C, 54.5; H, 4.5; N, 12.8 %; m, (El ms), 222 (M). 
CioHio N204 requires: C, 54.1; H, 4.5; N, 12.6%; M, 222. 
Ethyl 5-Chloro-2-nitrobenzoylformimidate (190 a) 
Ethyl 2-hydroxy-2-(5-chloro-2-nitrophenyl)acetimidate (189 a) gave ethyl 5-
chloro-2-nitrobenzoylformimidate (190 a) (78 %) which formed colourless needles, 
m.p. 83-850 (from ethanol-light petroleum), Dmax 3300 (NH), 1720 (C=O), 1650 
(C=N) and 1520 and 1350 (NO2) cm-1,  6H (CDC13) 8.87 (1H, brs, NH) (exch.), 8.10 
(1H, d, Jortho 9 Hz, ArH), 7.79 (1H, dd, Jortho 9 Hz and Jmeta 2 Hz, ArH), 7.61 (1H, 
d, Jmeta 2 Hz, ArH), 4.18 (2H, q, J 7 Hz, CH2) and 1.14 (3H, t, J 7 Hz, CH3). 
Found: C, 46.5; H, 3.5; N, 10.8 	m,  (FAB ms), 259 and 257 [(M+H)]. 
CrnH9 Cl N2 04 requires: C, 46.8; H, 3.5; N, 10.9 %; M, 256.5. 
Ethyl 5-Bromo-2-nitrobenzoylformmmidate (190 b) 
Ethyl 2-hydroxy-2-(5-bromo-2-nitrophenyl)acetjmjdate (189 b) gave ethyl 5- 
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bromo-2-nitrobenzoylformimidate (190 b) (84 %) which formed yellow needles, m.p. 
97-990 (from ethanol-light petroleum), lJmax 3300 (NH), 1720 (C=O), 1650 (C=N) 
and 1520 and 1350 (NO2) cm-1,  8H (CDC1 3) 8.87 (1H, brs, NH) (exch.), 8.02 (1H, 
d, Jortho 9 Hz, ArH), 7.78 (1H, dd, Jortho 9 Hz and Jmeta 2 Hz, ArH), 7.61 (1H, d, 
Jmeta 2 Hz, ArH), 4.18 (2H, q, J 7 Hz, CH2) and l.14 (3H, t, J 7 Hz, CH3). 
Found: C, 39.5; H, 2.7; N, 9.2 %; mi (FAB ms), 303 and 301 [(M+H)]. 
C10 H9 Br N204 requires: C, 39.9; H, 3.0; N, 9.3 %; M, 301. 
(b) Ethyl 2-Nitrobenzoylformimidate (114) 
A solution of ethyl 2-hydroxy-2-(2-nitrophenyl)acetimidate (110) (4.5 g; 
0.02 mol) in anhydrous 1,2-dimethoxyethane (100 ml) was stirred and treated at 0-10 0 
(ice-bath) with activated manganese dioxide (Aldrich; 21,764-6) (30 g) and the mixture 
stirred at 100  with exclusion of atmospheric moisture for 15 mm. 
The mixture was filtered through celite and the filtrate evaporated to give ethyl 
2-nitrobenzoylformimidate (114) (4.0 g; 93 %), m.p. 61-67 0, identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
Oxidation Reactions of Ethyl 2-Hvdroxv-2-(2-nitrophenyl)acetimidate (110) using 
Various Grades of Manganese Dioxide 
(a) Using Aldrich Manganese Dioxide (22. 432-4) 
A solution of the 2-hydroxyacetimidate (110) (0.45 g; 0.002 mol) in anhydrous 
acetonitrile (30.0 ml) was stirred and treated at 0-10 0 (ice-bath) with activated 
manganese dioxide (Aldrich; 22,432-4) (3.0 g) then the mixture was stirred at 100  with 
exclusion of atmospheric moisture for 15 mm. 
The mixture was filtered through celite and the filtrate evaporated to give a waxy 
solid (0.35 g), m.p. 45510  whose t.1.c. in methylene chloride over silica and 
n.m.r. spectrum showed it to be a complex mixture containing ethyl 2-
nitrobenzoylformate (120). 
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(1,) Using Aldrich Manganese Dioxide (24. 344-2 
A solution of the 2-hydroxyacetimidate (110) (0.45 g; 0.002 mol) in anhydrous 
acetonitrile (30.0 ml) was stirred and treated at 0-10° (ice-bath) with activated 
manganese dioxide (Aldrich; 24, 344-2) (3.0 g) and the suspension stirred at 100  with 
exclusion of atmospheric moisture for 15 mm. 
The mixture was filtered through celite and the filtrate evaporated to give only 
the unreacted starting material (110) (0.44 g; 98 %), m.p. 106-1080, identical (m.p. 
and i.r. spectrum) to an authentic sample. 
Using Fluka Manganese Dioxide (63548 
A solution of the 2-hydroxyacetimidate (110) (0.45 g;  0.002 mol) in anhydrous 
acetonitrile (30.0 ml) was stirred at 0-10° (ice-bath) and treated with activated 
manganese dioxide (Fluka; 63548) (3.0 g) and the suspension stirred at 100  with 
exclusion of atmospheric moisture for 15 mm. 
The mixture was filtered through celite and the filtrate evaporated to give 
initially an oil which slowly crystallised to yield a waxy solid (0.41 g) whose t.l.c. in 
methylene chloride over silica and i.r. and 1H n.m.r. spectra showed it to be a mixture 
of ethyl 2-nitrobenzoylformate (120), ethyl 2-nitrobenzoylformimidate (114) and 2-
nitrobenzoylformamide (97). 
Using Recovered Aldrich Manganese Dioxide (21. 764-6 
A solution of the 2-hydroxyacetimidate (110) (0.45 g; 0.002 mol) in anhydrous 
acetonitrile (30.0 ml) was stirred and treated at 0-10° (ice-bath) with recovered, 
activated manganese dioxide (Aldrich; 21,764-6) (1.0 g) and the resulting suspension 
stirred at 100 with exclusion of atmospheric moisture for 15 mm. 
The mixture was filtered through celite and the filtrate evaporated to give the 
unreacted starting material (110) (0.34 g; 76 %), m.p. 105-1070 , identical (m.p. and 
i.r. spectrum) to an authentic sample. 
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Ethyl 2-Nitrobenzoylformimidate Hydrochloride (1 15) 
A solution of ethyl 2-nitrobenzoylformimidate (114) (0.34 g; 0.0015 mol) in 
anhydrous ether (15.0 ml) was treated at room temperature, with exclusion of 
atmospheric moisture, with a slow stream of hydrogen chloride until the mixture was 
saturated. 
The precipitated solid was collected to afford ethyl 2-mtrobenzoy1formimidate 
hydrochloride (115) (0.40 g; 100 %) as colourless crystals, m.p. 89-90 0 with 
resolidification and remelting at 194-197 0, Umax 3400-2500 (br) (NH), 1730 (C=O), 
1670 (C=N) and 1530 and 1340 (NO2) cm-', 	[(CD 3)2S0] 8.33-7.70 (4H, m, 
AM), 7.48 (1H, brs, NH) (exch.), 6.83 (1H, brs, NH), 4.22 (2H, q, J 7 Hz, CH 2) 
and 1.19 (3H, t, J 7 Hz, CH3). 
Found: m,  (FAB ms), 224 [(M+H) -Cl]. 
CioHii C1N204 requires: M, 258.5. 
Which decomposed on attempted purification by crystallisation. 
Ethyl 2-Niirobenzoylformate (120 
A suspension of ethyl 2-nitrobenzoylformimidate hydrochloride (115) (0.52 g; 
0.002 mol) in anhydrous ether (30.0 ml) was stirred at -20 0 (acetone-solid CO2) with 
exclusion of atmospheric moisture with a slow stream of ammonia for 45 mm. 
The supernatant liquid was decanted leaving insoluble material and the ethereal 
filtrate evaporated to give ethyl 2-nitrobenzoylformate (120) as a yellow oil (0.41 g; 
92 %) identified by comparison (i.r. spectrum) with an authentic sample prepared in (b) 
below. 
A solution of ethyl 2-nitrobenzoy1formimidate (114) (4.4 g; 0.02 mol) in 70 % V/v 
aqueous acetic acid (50.0 ml) was heated under reflux for 30 mm. 
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The mixture was evaporated to give an oil which was chilled in liquid nitrogen 
and washed with light petroleum to give a solid which was combined with a second 
crop obtained by evaporating the light petroleum mother liquor to afford the known 55 
ethyl 2-nitrobenzoylformate (120) (3.2 g; 84 %) which formed colourless crystals, 
m.p. 41-420 (from ethanol-light petroleum) (lit., 55  43-44.50), Dmax 1760 (C=O), 
1720 (C=O) and 1530 and 1350 (NO2) cm -1,  &H (CDC13) 8.25-8.13 (1H, m, ArH), 
7.90-7.55 (3H, m, ArH), 4.33 (2H, q, J 7 Hz, CH2) and 1.34 (3H, t, J 7 Hz, CR 3). 
Found: C, 54.1; H, 4.1; N, 6.3 %; m, (El ms), 223 (M). 
Caic. for Cio H9 N Os requires: C, 53.8; H, 4.0; N, 6.3 %; M, 223. 
2-Nitrobenzoylfomiamide (97) 
Ethyl 2-nitrobenzoylformimidate hydrochloride (115) (0.48 g; 0.0019 mol) 
was slowly heated in the absence of solvent to 140 0 (oil bath). The residue was then 
cooled and treated with benzene (5.0 ml) and the insoluble colourless solid collected to 
afford the known 38  2-nitrobenzoylformamide (97) (0.20 g; 57 %) which formed 
colourless needles, m.p. 191-192 0 (from ethyl acetate-light petroleum) (lit., 38  199°), 
Dmax 3450, 3200 and 3180 (NH2), 1690 (C=O) and 1530 and 1350 (NO2) cm-1, 
H [(CD3)2S0] 8.38 (2H, brs, NH2), 8.26-8.12 (1H, m, ArH) and 8.04-7.63 (3H, m, 
ArH). 
Found: C, 48.5; H, 3.0; N, 14.2 % 
Caic. for C8 H6 N204: C, 49.5; H, 3.1; N, 14.4% 
Evaporation of the benzene mother liquor gave ethyl 2-nitrobenzoylformate 
(120) as an oil (0.18g; 42 %) identified by comparison (t.1.c. in ether over silica and 
i.r. spectrum) to an authentic sample. 
A solution of ethyl 2-nitrobenzoylformimidate (114) (1.1 g; 0.005 mol) in 
70 % V/v  aqueous ethanol (10.0 ml) was heated under reflux for 30 mm. 
The mixture was concentrated to c.a. one half of its original volume and the 
precipitated solid was collected and combined with a second crop obtained by 
evaporating the filtrate and washing the residue with benzene to afford 2-
nitrobenzoylformamide (97) (0.75 g; 77 %), m.p. 1861900,  identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
Evaporation of the benzene mother liquor gave a gum (0.19 g) whose t.l.c. in 
methylene chloride over silica showed it to be a complex mixture which was not 
therefore further investigated. 
The Attempted Cyclisation of 2-Nitrobenzoylformamide (97) Using 
Benzyltrimethylammoniurn Hydroxide in Methanol 
A suspension of 2-nitrobenzoylformamide (97) (0.39 g;  0.002 mol) in methanol 
(15.0 ml) was treated with 40 % w/v methanolic benzyltrimethylammonium hydroxide 
(10.0 ml) and the resulting solution heated under reflux for 24 h. 
The mixture was filtered to remove some insoluble solid and the filtrate 
evaporated. The residue was treated with water (5.0 ml) and the resulting solution 
acidified with 2M aqueous hydrochloric acid then extracted with methylene chloride to 
afford a dark oil (0.16 g) whose t.l.c. in methylene chloride over silica showed it to be 
a complex mixture which yielded no identifiable material. 
The Attempted Reduction of Ethyl 2-Nitrobenzoylformimidate (114) Using Sodium. 
Borohydride and Palladium-on-charcoal in 2M Aqueous Sodium Hydroxide 
A solution of ethyl 2-nitrobenzoylformimidate (114) (0.44 g; 0.002 mol) in 
dioxane (5.0 ml) was treated with 2 % IN aqueous sodium hydroxide (2.0 ml) 
followed by 5 % palladium-on-charcoal (0.04 g) and the suspension was stirred under 
nitrogen and treated dropwise with a solution of sodium borohydride (0.15 g; 
0.004 mol) in water (1.0 ml) over a period of 5-10 mm. Stirring was then continued at 
room temperature for 15 mm. 
The mixture was filtered through celite and the filtrate concentrated, treated with 
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water (5.0 ml) then acidified with 2M aqueous hydrochloric acid and extracted with 
methylene chloride to afford a semi-solid (0.06 g) whose t.l.c. in methylene chloride 
over silica revealed it to be a complex mixture which was not further investigated. 
The aqueous mother liquor was neutralised by addition of solid sodium acetate 
then extracted with methylene chloride to give a gum (0.04 g) whose t.I.c. in methylene 
chloride over silica showed it to be a multicomponent mixture which was consequently 
not further investigated. 
The AttemDted Reaction of Ethyl 2-Nitrobenzoylformimidate (114) with Hydrazine 
Monohydrate in Ethanol 
A solution of ethyl 2-nitrobenzoy1formirnidate (114) (0.44 g; 0.002 mol) in 
ethanol (5.0 ml) was treated with hydrazine monohydrate (0.10 g; 0.002 mol) and the 
mixture heated under reflux for 1 h. 
The mixture was cooled and the precipitated orange solid was collected (0.06 g) 
but rapidly decomposed to an intractable tar on attempted purification. 
The ethanolic filtrate was evaporated to give an oil (0.38 g) which was flash-
chromatographed over silica. 
Elution with methylene chloride through ethyl acetate to methanol gave only a 
series of intractable oils and gums (0.28 g) whose t.l.c. in ether over silica showed to 
be complex mixtures and consequently were not further investigated. 
The Attempted Reaction of Ethyl 2-Niirobenzoylformimidate (114) with 
Phenylhydrazine in Ethanol 
A solution of ethyl 2-nitrobenzoylformimidate (114) (1.1 g; 0.005 mol) in 
anhydrous ethanol (10.0 ml) was treated with phenylhydrazine (0.50 g; 0.005 mol) and 
the mixture stirred at room temperature with exclusion of atmospheric moisture for 
24 h. 
The mixture was evaporated to give an intractable gum (1.49 g) whose t.1.c. in 
W. 
methylene chloride-light petroleum (2:1) over silica showed to be a complex mixture 
from which no identifiable material could be obtained. 
(Z)-3-(Nitrobenzovl)- 1 -(toluene-4-sulphonvl)formamidrazone (129) (Isomer A) 
A solution of ethyl 2-nitroylbenzoylformimidate (114) (2.2 g; 0.01 mol) in 
anhydrous ethanol (30.0 ml) was mixed with a solution of toluene-4-
suiphony1hydrazine (1.9 g; 0.01 mol) in anhydrous ethanol (30.0 ml) and the mixture 
stirred at room temperature with exclusion of atmospheric moisture for 24 h. 
Evaporation gave a gum which was triturated with ether to afford (Z)-3-(2- 
nitrobenzoyl)-1-(toluene-4-sulphonyl)formamidrazone (129) (isomer A) (2.6 g, 74 %) 
which formed cream prisms, m.p. 141-143 0 (from toluene), ljmax 3480, 3380 and 
3200 (NH), 1690 (C=O) and 1520 and 1350 (NO2) cm-1,  &H [(CD3)2SO] 9.87 (1H, s, 
NH) (exch.), 8.27-8.16 (1H, m, ArH), 7.93 (2H, m, ArH), 7.50-7.39 (114, m, ArH), 
7.72 (4H, s, ArH), 6.42 (2H, s, NH 2) (exch.) and 2.39 (3H, s, CH 3 ). 
Found: C, 49.9; H, 3.9; N, 15.6 %; m, (El ms), 362 (M). 
Ci5 H14 N4 05 S reuuires: C, 49.7; H, 3.9; N, 15.5 %; M, 362. 
Evaporation of the ethereal filtrate gave a gum (0.70 g) whose t.l.c. in ether 
over silica showed it to be a multicomponent mixture which was not further 
investigated. 
(Z)-3-(Nitrobenzovl)- 1 -(toluene-4-sulphonvl)formamidrazone (129) (Isomer B) 
A solution of ethyl 2-nitrobenzoylformimidate (114) (6.7 g; 0.03 mol) in 
anhydrous ethanol (90.0 ml) was treated with a solution of toluene-4-
suiphonyihydrazine (5.6 g; 0.03 mol) in anhydrous ethanol (90.0 ml) and the mixture 
was stirred at room temperature with exclusion of atmospheric moisture for 24 h. 
The precipitated solid was collected and combined with a second crop obtained 
by evaporating the ethanol filtrate and washing the residue with ether to afford )-3- 
(2-nitrobenzoyl)- 1 -(toluene-4-sulphonyl)formamidrazone (129) (isomer B) (10.2 g; 
94 %) which formed colourless prisms, m.p. 186-188 0 (from ethanol-light petroleum), 
'max 3490, 3390 and 3150 (NH), 1700 (C=O), 1650 (C=N) and 1540 and 1360 
(NO2) cm-1,  oH [(CD3)2S0] 9.88 (1H, s, NH) (exch.), 8.26-8.14 (111, m, ArH), 
7.98-7.70 (2H, m, ArH), 7.51-7.42 (111, m, ArH), 7.21 (4H, s, ArH), 6.40 (2H, s, 
NH2) (exch.) and 2.37 (3H, s, C113). 
Found: C, 49.3; H, 3.9; N, 15.3 	m, (FAB ms), 363.0763 [(M+H)]. 
C15 H14 N4 05 S requires: C, 49.7; H, 3.9; N, 15.5 %; (M+H), 363.0763. 
The ether mother liquor was evaporated to give an intractable oil (1.5 g) which 
was not further investigated. 
The Attempted Cvclisation of (Z)-3-(2-Nitrobenzovl)- 1 -(toluene-4-
sulr)honyl)formamidrazone (129) (Isomer B) Using Aqueous Sodium Carbonate in 
Ethanol 
A solution of (Z)-3-(2-nitrobenzoy1)- 1 -(toluene-4-sulphonyl)formamidrazone 
(129) (isomer B) (0.72 g; 0.002 mol) in ethanol (25.0 ml) was treated with 1M 
aqueous sodium carbonate (5.0 ml) and the mixture heated under refiux for 4 h. 
The resulting suspension was hot filtered to remove sodium carbonate and the 
filtrate evaporated. The residue was treat&l with water (3.0 ml) and the resulting 
solution acidified with 2M aqueous hydrochloric acid then extracted with methylene 
chloride to give an oil (0.48 g) whose t.l.c. in methylene chloride over siica showed it 
to be a complex mixture which was not further investigated. 
Further work up of the aqueous mother liquor gave no other identifiable 
material. 
The Attempted Cyclisation of (Z)-3-(2-Nitrobenzoyl)- 1 -(toluene-4-
sulphonyl)formamidrazone (129) (Isomer A) Using Sodium Ethoxide in Ethanol 
A solution of the formamidrazone (129) (isomer A) (o.72 g; 0.002 mol) in 
ethanol (10.0 ml) was mixed with a solution of sodium (0.05 g; 0.002 g atom) in 
anhydrous ethanol (5.0 ml) and the mixture heated under reflux with exclusion of 
atmospheric moisture for 2 h. 
The mixture was cooled, evaporated and the residue treated with water (7.5 ml) 
then extracted with methylene chloride to give a gummy semi-solid. This was 
combined with material obtained by acidifying the aqueous mother liquor with 2M 
aqueous hydrochloric acid and extracting with methylene chloride to give a gum 
(0.76 g) which was flash-chromatographed over silica. 
Elution with methylene chloride through ethyl acetate to methanol gave only a 
series of gums, oils and semi-solids from which no identifiable material could be 
obtained. 
The Pyrolysis of (Z)-342-Nitrobenzovl)- 1 -(toluene-4-sulphonvl)formamidrazone 
(129) (Isomer B) 
The formamidrazone (129) (isomer B) (0.72 g; 0.002 mol) was heated in a cold 
finger sublimation tube at 205 0 (Woods metal bath) for 2-3 mm. No material sublimed 
and the tarry residue was dissolved in methanol and the resulting solution evaporated to 
give an intractable gum (0.65 g) whose t.1.c. in ether over silica showed to be a 
complex mixture which was not further investigated. 
The Attempted Hydrolysis of (Z)-342-Nitrobenzoyfl- 1 -(toluene-4-
sulphonyl)formamidrazone (129) (Isomer A) Using 2M Aqueous Hydrochloric Acid in 
Ethanol 
A solution of the formammdrazone (129) (isomer A) (0.36 g; 0.001 mol) in 
ethanol (3.5 ml) was treated with 2M aqueous - hydrochloric acid (1.5 ml) and the 
mixture heated under reflux for 18 h. 
The resulting solution was evaporated and the residue treated with water 
(2.0 ml) then extracted with methylene chloride to give an intractable gum (0.22 g) 
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whose t.1.c. in ether over silica showed it to be a multicomponent mixture which was 
not further investigated. 
The Attempted Acid Catalysed Hydrolysis of (Z)-342-Nitrobenzoyl)-1-(toluene-4-
sulnhonyl)formaniidrazone (129) (Isomer A) Using 70 % v/v Aqueous Acetic Acid 
A solution of ()-3-(2-niirobenzoyl)- 1 -(toluene-4-sulphonyl)formamidrazone 
(129) (isomer A) (0.36 g; 0.001 mol) in 70 % V/ aqueous acetic acid (5.0 ml) was 
heated under reflux for 0.5 h. 
The mixture was cooled and evaporated and the residue treated with ether-ethyl 
acetate to give the unreacted starting material (129) (0.24 g; 66 %), m.p. 131-135 0, 
identical (m.p. and i.r. spectrum) to an authentic sample. 
The ether mother liquor was evaporated to give a semi-solid (0.13 g) whose 
t.1.c. in ether over silica showed it to contain predominantly the unreacted starting 
material (129). 
The Attempted Deamination of (Z)-3-(2-Nitrobenzoyl)- 1 -(toluene-4-
sulphonyl)formamidrazone (129) (Isomer A) Using Sodium Nitrite in Glacial Acetic 
Acid in the Presence of Aqueous Hydrochloric Acid 
A solution of the formamidrazone (129) (isomer A) (0.72 g;  0.002 mol) in 
glacial acetic acid (10.0 ml) was treated with concentrated hydrochloric acid (5.0 ml) 
and water (1.0 ml). The mixture was cooled to 0-5 0 (ice-salt bath) then treated 
dropwise with stirring with a solution of sodium nitrite (0.14 g; 0.002 mol) in water 
(1.0 ml). The mixture was then stirred in the melting ice-bath for 0.5 h. 
The mixture was diluted with water (10.0 ml) and extracted with methylene 
chloride to give a semi-solid (0.49 g) which was washed with light petroleum to afford 
the formamidrazone (129) (isomer B) (0.39 g; 54 %) identical (m.p. and i.r. spectrum) 
to an authentic sample. 
Further work up of the aqueous mother liquor gave no other identifiable 
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material. 
The Attempted Deamination of (Z)-3-(2-Nitrobenzoyl)-1-(toluene-4-
sulihonyl)formamidrazone (129) (Isomer A) Using Sodium Nitrite in Aqueous 
Hydrochloric Acid 
A stirred suspension of the formamidrazone (129) (isomer A) (0.72 g; 
0.002 mol) in concentrated hydrochloric acid (10.0 ml) was diluted with water (1.0 ml) 
and the mixture cooled to 00 (ice-salt bath) then treated portionwise at 0-50 with solid 
sodium nitrite (0.14 g; 0.002 mol). The mixture was then stirred in the melting ice-bath 
for 1 h. 
The insoluble solid was collected and treated with 10 % w/v sodium bicarbonate 
(5.0 ml) and combined with a second crop of material obtained by acidifying the 
bicarbonate washings with 2M aqueous hydrochloric acid, extracting with methylene 
chloride and triturating the residual gum with ether to give the formamidrazone (129) 
(isomer B) (0.42 g;  62 %), m.p. 182-1840, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
The Attempted Hydrolysis of (Z)-342-Nitrobenzoyl)-1-ftoluene-4-
sulphonvl)formamidrazone (129) (Isomer A) Using Aqueous Hydrochloric Acid 
A suspension of (Z)-3-(2-nitrobenzoyl)- 1 -(toluene-4-
sulphonyl)formaniidrazone (129) (isomer A) (0.36 g; 0.001 mol) in concentrated 
hydrochloric acid (5.0 ml) and water (1.0 ml) was stirred at 0 0 for 1 h. 
The insoluble solid was collected and washed with water then combined with a 
second crop obtained by basifying the aqueous mother liquor with 50 % W/y,r aqueous 
sodium hydroxide then reacidifying with 2M aqueous hydrochloric acid to afford (Z)- 
3-(2-mtrobenzoyl)- 1 -(toluene-4-sulphonyl)formaniidrazone (129) (isomer B) (0.28 g; 
78 %), m.p. 180-1830 , identical (m.p. and i.r. spectrum) to an authentic sample. 
3-Methyl-5-(2-nitrobenzoyl)- 1 H-i ,2,4-triazole (132) 
A solution of (Z)-3-(2-nitrobenzoyl)- 1 -(toluene-4-sulphonyl)formaniidrazone 
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(129) (isomer A) (0.72 g; 0.002 mol) in acetic anhydride (5.0 ml) was heated under 
reflux for 30 mm. 
The mixture was cooled, evaporated and the residue triturated with ether-ethyl 
acetate to afford a solid (0.6 g) which was flash-chromatographed over silica. 
Elution with methylene chloride-ethyl acetate (5:1) gave 3-methyl-5-(2-
niirobenzoyl)-lfl-1,2,4-triazole (132) (0.30 g; 65 %) which formed colourless needles, 
m.p. 2182190  (from ethyl acetate-ethanol), Dmax 3100-2500 (br) (NH), 1680 (C=O) 
and 1530 and 1360 (NO2) cm-1, 8H [(CD 3)2S0] 8.26-8.22 (1H, m, AM), 7.94-7.62 
(3H, m, ArH) and 2.37 (3H, s, CH 3). 
Found: C, 51.9; H, 3.4; N, 24.1 %; m, (FAB ms), 233 [(M+H)]. 
CIoH8 N403 requires: C, 51.7; H, 3.4; N, 24.1 %; M, 232. 
(Z- l-ethoxycarbonyl-3-(2-nitrobenzoyl)formamidrazone (1,35 
A solution of ethyl 2-nitrobenzoylformimidate (114) (1.1 g; 0.005 mol) in 
anhydrous ethanol (10.0 ml) was treated with a solution of ethyl carbazate (0.53 g; 
0.005 mol) in anhydrous ethanol (5.0 ml) and the mixture stirred at room temperature 
with exclusion of atmospheric moisture for 24 h. 
The mixture was evaporated and the residue washed with ether to afford ()-1-
ethoxycarbonyl-3-(2-nilrobenzoyl)formamidrazone (135) (1.2 g; 84 %) which formed 
yellow needles, m.p. 176-178 0 (from ethyl acetate), Dmax 3450, 3340 and 3240 (NH), 
1680 (C=O) and 1530 and 1350 (NO2) CM-1, H [(CD3)2S0] 9.69 (1H, s, NH) 
(exch.), 8.18-7.52 (4H, m, ArH), 6.45 (2H, s, NH 2) (exch.), 4.15 (2H, q, J 7 Hz, 
CH2) and 1.16 (3H, t, J 7 Hz, CH 3 ). 
Found: C, 47.0; H, 4.3; N, 20.0 % m, (Elms), 281 [(M+H)] and 234 
(M-NO2). 
CI  H12 N4 _05 requires: C, 47.1; H, 4.3; N, 20.0 %; M, 280. 
Evaporation of the ether mother liquor gave a gum (0.16 g) whose t.l.c. in ether 
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over silica showed it to be a complex mixture which yielded no further identifiable 
material. 
The Attempted Cvcisation of (Z)- 1 -ethoxvcarbonvl-3-(2-nitrobenzoyl)formamidrazone 
(135) Using Aaueous Sodium Carbonate in Ethanol 
A solution of (a)- 1 -ethoxycarbonyl-3-(2-nitrobenzoyl)formamidrazone (135) 
(0.56 g; 0.002 mol) in ethanol (50.0 ml) was treated with 1M aqueous sodium 
carbonate (5.0 ml) and the mixture heated under reflux for 2 h. 
The mixture was evaporated and the residue treated with water (10.0 ml). The 
insoluble solid was collected, washed with water and dried in vacuo to afford only the 
unreacted starting material (135) (0.32 g; 57 %), m.p. 170-173 0 , identical (m.p. and 
i.r. spectrum) to an authentic sample. 
The aqueous mother liquor was neutralised by addition of 2M aqueous 
hydrochloric acid and sodium acetate then extracted with methylene chloride to give an 
oil (0.16 g) whose t.l.c. in ether over silica showed it to be a complex mixture which 
was consequently not further investigated. 
The Attempted Cvclisation of (Z)- 1 -ethoxycarbonyl-3-(2-nitrobenzoyflformamidrazone 
(135) Using Sodium Ethoxide in Ethanol 
(a) A solution of the formamidrazone (135) (0.56 g; 0.002 mol) in anhydrous 
ethanol (10.0 ml) was treated with a solution of sodium (0.05 g; 0.002 g atom) in 
anhydrous ethanol (5.0 ml) and the mixture heated under refiux with exclusion of 
atmospheric moisture for 2 h. 
The mixture was evaporated and the residue was treated with water (10.0 ml). 
The insoluble solid was collected, washed with water and dried in vacuo to give the 
unreacted starting material (135) (0.25 g; 45 %), m.p. 170-1720, identical (m.p. and 
i.r. spectrum) to an authentic sample. 
Work up of the aqueous mother liquor gave no other identifiable material. 
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(b) Using a four fold excess of sodium ethoxide 
The mixture was evaporated and the residue treated with water (5.0 ml). The 
resulting solution was acidified with 2M hydrochloric acid and extracted with 
methylene chloride to give an intractable  tar (0.24 g) which was not further 
investigated. 
The Attempted Cyclisation of (Z)- 1 -ethoxycarbonyl-3-(2-nitrobenzoyl)formamidrazone 
(135) Using Sodium Hydride in Dimethylformamide 
A stirred suspension of sodium hydride (0.05 g; 0.002 mol) in anhydrous 
dimethylformamide (2.5 ml) was treated dropwise with exclusion of atmospheric 
moisture with a solution of the formainidrazone (135) (0.56 g; 0.002 mol) in 
anhydrous dimethylformamide (2.5 ml) and the mixture stirred at room temperature for 
17 h. 
The mixture was evaporated and the residue treated with water (10.0 ml). The 
insoluble solid was collected, washed with water and dried in vacuo to give the 
unreacted starting material ((0.36 g;  82 %), m.p. 175-1760 , identical (m.p. and i.r. 
spectrum) to an authentic sample. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with methylene chloride to give an oil (0.18 g) whose t.l.c. in ether over 
silica showed it to be a complex mixture which was not further investigated. 
(Z)-2-Nitrobenzovlformamidoxime (141) 
A solution of ethyl 2-nitrobenzoylformimidate (114) (8.9 g; 0.04 mol) in 
anhydrous ethanol (100 ml) was mixed with a'solution of hydroxylamine hydrochloride 
(7.0 g; 0.1 mol) in anhydrous ethanol (200 ml) and the mixture was treated with a 
single portion of anhydrous sodium carbonate (5.4 g; 0.05 mol) and stirred at room 
temperature with exclusion of atmospheric moisture for 24 h. 
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The mixture was filtered to remove some inorganic material and the filtrate 
evaporated. The residue was treated with water (35.0 ml) and extracted with methylene 
chloride to afford ()-2-nitrobenzoy1formamidoxime (141) (7.9 g;  94 %) which formed 
colourless crystals, m.p. 147-1490, Dmax 3470 and 3350 (NH), 3220 (br) (OH), 1700 
(C=O), 1670 (C=N) and 1520 and 1340 (NO2) cm-1,  3H [(CD3)2S0] 10.70 (1H, s, 
OH) (exch.), 8.19-8.07 (1H, m, ArH), 7.97 (3H, m, ArH) and 5.98 (2H, s, NH2) 
(exch.). 
Found: C, 45.8; H, 3.3; N, 19.9 %; m, (El ms), 209 (M) 
C8 H7 N3 04 requires: C, 45.9; H, 3.3; N, 20.1 %; M, 209. 
The Attempted Base Catalysed of (Z)-2-Nitrobenzovlformamidoxime (141) Using 
Aqueous Sodium Carbonate in Ethanol 
A solution of ()-2-nitrobenzoylformamidoxime (141) (0.42 g; 0.002 mol) in 
ethanol (15.0 ml) was treated with a solution of 1M aqueous sodium carbonate (5.0 ml) 
and the mixture heated under reflux for 1 h. 
The mixture was evaporated and the residue treated with water (5.0 ml). The 
insoluble solid was collected, washed with water and dried in vacuo to afford the 
unreacted amidoxime (141) ((0.26 G: 62 %), m.p. 128-135 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample. 
Further work up of the aqueous mother liquor gave no other identifiable 
material. 
The Attempted Reductive Cyclisation of (Z)-3-(2-nitrobenzoyl)- 1 -(toluene-4-
sulphonyl)formamidrazone (129) (Isomer B) Using Sodium Borohydride in Aqueous 
Alkali in the Presence of Palladium-on-charcoal 
A solution of the formamidrazone (129) (isomer B) (0.72 g; 0.002 mol) in 
dioxane (5.0 ml) was treated with 2 % w/v aqueous sodium hydroxide (2.0 ml) 
followed by 5 % palladium-on-charcoal (0.07 g) and the mixture was stirred under 
nitrogen and treated dropwise with a solution of sodium borohydride (0.15 g; 
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0.004 mol) in water (1.0 ml). The resulting suspension was then stirred under nitrogen 
at room temperature for 15 min. 
The mixture was filtered through celite and the filtrate was concentrated then 
diluted with water (10.0 ml) and filtered to remove a small amount of insoluble 
material. The aqueous filtrate was acidified with 2M aqueous hydrochloric acid and the 
precipitated solid collected, washed with water and dried in vacuo to give an orange 
solid (0.28 g) which was flash-chromatographed over silica. 
Elution with methylene chloride through ethyl acetate to methanol gave only a 
series of intractable solids and gums (total 0.22 g) whose t.l.c. in ether over silica 
showed them to be complex mixtures from which no identifiable material could be 
obtained. 
Work up of the aqueous mother liquor gave no other identifiable material. 
Isatin 2-(Toluene-4-sulphonyl)hydrazone (138) 
A solution of (Z)-3-(2-nitrobenzoyl)- 1 -(toluene-4-sulphonyl)formamidrazone 
(129) (isomer A) (0.72 g; 0.002 mol) was hydrogenated in ethanol (40.0 ml) over 5 % 
palladium-on-charcoal (0.07 g) at room temperature and under atmospheric pressure 
until uptake of hydrogen ceased. 
The mixture was filtered through celite and the filtrate evaporated to give a foam 
(0.68 g) which was flash-chromatographed over silica. 
Elution with ether-methylene chloride (1:10) gave isatin 2-(toluene-4-
sulphonyl)hydrazone (138) (0.24 g; 38 %) which formed orange prisms, m.p. 188-
189° (decomp.) (from acetonitrile), Dmax 3360 (NH), 3260 (NH) and 1700 
(C=O) CM-1,  8H [(CD3)2S0] 10.71 (1H, brs, NH) (exch.), 9.83 (1H, s, NH) (exch.), 
7.79-6.96 (8H, m, AM) and 2.38 (311, s, CH 3 ). 
Found: C, 56.7; H, 4.0; N, 13.3 %; mlz  (FAB ms), 316 [(M+H)]. 
C15 H13 N303 S requires: C, 57.1; H, 4.1; N, 13.3%; M, 315. 
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Further elution with ether-methylene chloride (1:6) through to ethyl acetate gave 
only unidentifiable foams and gums (0.37 g) whose t.l.c. in ether-methylene chloride 
(1:1) over silica showed them to be complex mixtures which consequently were not 
further investigated. 
Isatin 2-(Ethoxvcarbonyl)hydrazone (140) 
A solution of (h)- 1-ethoxycarbonyl-3-(2-nitrobenzoyl)formamidrazone (135) 
(0.56 g; 0.002 mol) was hydrogenated in ethanol (35.0 ml) over 5 % palladium-on-
charcoal (0.06 g) at room temperature and atmospheric pressure until the uptake of 
hydrogen ceased. 
The mixture was filtered through celite and the filtrate evaporated to give a 
semi-solid (0.48 g) which was flash-chromatographed over silica. 
Elution with methylene chloride-ether (10:1) gave an intractable gum (0.08 g) 
whose t.l.c. in ether over silica showed it to be a complex mixture and consequently 
was not further investigated. 
Further elution with methylene chloride-ether (10:1) through to methylene 
chloride-ether (2:1) gave isatin 2-(ethoxycarbonyl)hydrazone (140) (0.37 g; 79 %) 
which formed orange needles 224-226 0 (decomp.) (from ethanol), Umax 3290 and 
3240 (NH) and 1750 and 1730 (C=0) cm -1 , 8H [(CD3)2S0] 10.08 (1H, brs, NH) 
(exch.), 7.68-7.47 (2H, m, ArH), 7.11-6.83 (2H, m, ArH), 4.20 (2H, q, J 7 Hz, 
CH2) and 1.26 (3H, t, J 7 Hz, CH 3 ). 
Found: C, 56.0; H, 4.6; N, 17.8 %; m, (El ms) 233.0787 (M). 
Cu Hii N3 03 requires: C, 56.7; H, 4.7; N, 18.0 %; M, 233.080. 
2-Aminobenzoylformamjdoxjme (142) 
A solution of 2-nilrobenzoylformamidoxime (141) (0.42 g; 0.002 mol) was 
hydrogenated in ethanol (20.0 ml) over 5 % palladium-on-charcoal (0.04 g) at room 
temperature and atmospheric pressure until hydrogen uptake had ceased. 
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The mixture was filtered through celite and the filtrate evaporated to give a gum 
(0.30 g) which was flash-chromatographed over silica. 
Elution with methylene chloride-ethyl acetate (10:1) gave 2-
aminobenzoylformamidoxime (142) (0.25 g; 72 %) which formed yellow prisms, imp. 
117-1190 (from toluene), Umax 3480, 3440, 3320 and 3180 (NH), 3060 (br) (OH) and 
1660 (C=0) cm-1,  oH (CDC13) 8.25-8.13 (1H, m, ArH), 7.38-7.17 (1H, m, ArH), 
6.73-6.52 (2H, m, ArH), 5.96 (211, brs, NH2) (exch.) and 5.15 (2H, brs, NH2) 
(exch.). 
Found: C, 54.6; H, 5.1; N, 23.3 %; mi (El ms) 179 (M). 
C8 H9 N3 02 requires: C, 53.6; H, 5.1; N, 23.4 %; M, 179. 
Further elution with methylene chloride-ethyl acetate (10:1) through to methanol 
gave only small amounts of gums which were not further investigated. 
2-(2. 1 -Benzisoxazol-3-yl)formamidoxjme (147) 
A solution of 2-nitrobenzoylformamidoxime (141) (4.2 g; 0.02 mol) in dioxane 
(50.0 ml) was treated with 2 % W/v  aqueous sodium hydroxide (20.0 ml) followed by 
5 % palladium-on-charcoal (0.42 g) and the mixture stirred under nitrogen and treated 
dropwise at 0-100 with a solution of sodium borohydride (1.6 g;  0.04 mol) in water 
(10.0 ml) over a period of 5-10 mm. The mixture was then stirred under nitrogen at 
room temperature for 15 mm. 
The mixture was filtered through celite and the filtrate concentrated to a volume 
of 5-6 ml then diluted with water (5.0 ml) and the insoluble solid collected, washed 
with water and dried in vacuo to afford 2-(2,1-benzisoxazol-3-yl)formaniidoxjme (147) 
(1.5 g; 42 %) which formed cream needles, m.p. 197-203 0 (from ethyl acetate), 
Umax 3470, 3320 and 3220 (NH), 3200 (br) (OH), 1670 (C=N) and 1630 
(NH defl cm-1, 8H  [(CD3)2S0] 10.56 (1H, s, OH) (exch.), 8.73-7.02 (4H, m, ArH) 
and 6.29 (2H, brs, NH2) (exch.). 
Found: C, 53.7; H, 3.9; N, 23.5 %; m, (El ms), 177 (Mt). 
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C8 H7 N3 02 requires: C, 54.2; H, 4.0; N, 23.7 %; M, 177. 
The aqueous mother liquor was evaporated and the residue was treated with 2M 
aqueous hydrochloric acid and extracted with ethyl acetate to give an intractable gum 
(0.87 g) whose t.l.c. in ether over silica, showed it to be an unresolvable 
multicomponent mixture which was not further investigated. 
fi-Acetyl 2-(2. 1 -Benzisoxazol-3-yl)formamidoxime (148) 
2-(2,1-Benzisoxazol-3-yl)formaniidoxime (147) (0.15 g; 0.00085 mol) was 
heated with acetic anhydride (0.6 ml) at 100 0 for 15 mm. 
The mixture was cooled and diluted with ether to give 0-acetyl 2-(2,1-
benzisoxazol-3-yl)formamidoxime (148) (0.13 g; 70 %) which formed colourless 
prisms, m.p. 137-1390 (from benzene), Umax 3420, 3330 and 3240 (NH), 1750 
(C=O) and 1665 (C=N) cm-1,  6H (CDC1 3) 8.07-7.93 (1H, m, ArH), 7.66-7.00 (3H, 
m, ArH), 5.54 (2H, brs, N112) (exch.) and 2.29 (3H, s, CH3 ). 
Found: C, 54.8; H, 4.1; N, 19.1 %; mi (El ms), 219 (M). 
C10 H9 N3 03 requires: C, 54.8; H, 4.1; N, 19.2 %; M, 219. 
The Attempted Hydrolysis Reactions of 2-(2. 1 -Benzisoxazol-3-yl)formamidoxime 
(147) 
(a) Using Aqueous Hydrochloric Acid in Ethanol 
A solution of 2-(2,1-benzisoxazol-3-yl)formamidoxime (147) (0.18 g; 
0.001 mol) in ethanol (5.0 ml) was treated with 2M aqueous hydrochloric acid 
(1.25 ml) and the mixture heated under reflux for 1 h. 
The mixture was evaporated to give 2-(2,1-bnzisoxazol-3-y1)formamidoxime 
hydrochloride (150) (0.21 g; 94 %), m.p. 1804810 (decomp.), 'Umax 2800 (br) (NH) 
and 1670 (C=N) cm-1 , which on attempted crystallisation was converted to the free 
base 2-(2,1-benzisoxazol-3-yl)formaniidoxjme (147), m.p. 179-183 0 , identical (m.p. 
and i.r. spectrum) to an authentic sample prepared before. 
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Using Aqueous Sodium Hydroxide 
A suspension of 2-(2, 1 -benzisoxazol-3-yl)formamidoxime (147) (0.35 g; 
0.002 mol) in 2M aqueous sodium hydroxide (5.0 ml) was heated under reflux for 1 h. 
A negligable amount of insoluble material was removed by filtration and the 
filtrate was acidified with 2M aqueous hydrochloric acid. The precipitated solid was 
collected, washed with water and dried in vacuo to afford only the unreacted starting 
material (147) (0.26 g;  74 %), m.p. 189-191 0, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
The aqueous mother liquor was extracted with methylene chloride to give a 
small amount of a gum whose t.l.c. in hexane-ethyl acetate (2:1) over silica showed it 
to be a complex mixture. 
Using Aqueous Potassium Hydroxide 
A suspension of 2,(2,1-benzisoxazol-3-yl)formamidoxime (147) (0.18 g; 
0.001 mol) in 20 % W/ aqueous potassium hydroxide was heated under reflux for 3 h. 
The mixture was cooled and acidified with 2M aqueous hydrochloric acid and 
the precipitated solid collected, washed with water then slurried with 2M aqueous 
hydrochloric acid for 10-15 mm. A small amount of insoluble solid was removed by 
filtration then the filtrate was neutralised with 2M aqueous sodium hydroxide to afford 
the unreacted starting material (147) (0.02 g; 11 %), m.p. 178-181° (decomp.), 
identical (m.p. and i.r. spectrum) to an authentic sample. 
Further work up of the aqueous mother liquor gave no other identifiable 
material. 
The Reaction of 2-(2. 1 -Benzisoxazol-3-yl)formamidoxime (147) with Chromium 
Trioxide in Aqueous Acetic Acid 
A solution of the benzisoxazole derivative (147) (0.35 g; 0.002 mol) in 70 % 
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V/v aqueous acetic acid (5.0 ml) was treated portionwise with chromium trioxide 
(0.35 g) and the resulting mixture stirred at 100 0 for 0.5 h. 
The mixture was evaporated and the residue treated with water (5.0 ml) and 
extracted with ethyl acetate to obtain a yellow-brown semi-solid (0.24 g). This was 
treated with 2M aqueous sodium hydroxide and the insoluble solid collected, washed 
with water and dried in vacuo to obtain the known 44 2,1-benzisoxazole-3-carboxamide 
(151) (0.06 g; 19 %), m.p. 194-1980 (lit., 44 2100), Dmax 3260 and 3160 (NH) and 
1680 (C=O) cm -1 . 
Found: miz  (El ms), 163.0262 (M). 
Caic. for C8 H6 N2 02: M, 163.0269. 
Identified by comparison (i.r. spectrum) with an authentic sample 56• 
The aqueous basic mother liquor was acidified with 2M aqueous hydrochloric 
acid and extracted with methylene chloride to obtain the known 45 2,1-benzisoxazole-
3-carboxylic acid (152) (0.02 g; 6 %), m.p. 155-1630, Dmax 3100-2300 (br) (OH) and 
1730 (br) (C=O) cm-1 . 
Found: miz  (El ms), 162.0426 (M) 
CaIc. for C8 H8 N 03: M, 162.049 
Identified by comparison (i.r. spectrum) with an authentic sample 56 
The Attempted Reduction of 2-(2. 1-Benzisoxa.zol-3-yflformamidoxime (147) Using 
Sodium Dithionite in Aqueous Ethanol 
A solution of 2-(2,1-benzisoxazol-3-yl)formamjdoxime (147) (0.34 g; 
0.002 mol) in 70 % V/ aqueous ethanol (10.0 ml) was treated with sodium dithionite 
(0.34 g) and the mixture was heated under reflux for 30 mm. Further sodium dithionite 
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(0.34 g) was added and heating under reflux continued for a further 30 mm. 
The mixture was evaporated and the residue treated with water (5.0 ml). The 
insoluble solid was collected, washed with water and dried in vacuo to give only the 
unreacted starting material (147) (0.23 g; 67 %), imp. 189-193 0, identical (m.p. and 
i.r. spectrum) to an authentic sample. 
The Catalytic Reduction of 2-(2. 1 -benzisoxazol-3-yI)formamidoxime (147' 
A solution of 2-(2,1-benzisoxazol-3-yl)formamidoxjme (147) (0.18 g; 
0.001 mol) was hydrogenated in ethanol (15.0 ml) over 5 % palladium-on-charcoal 
(0.02 g) at room temperature and atmospheric pressure until hydrogen uptake had 
ceased. 
The mixture was filtered through celite and the filtrate was evaporated to give a 
gum (0.20 g) which was flash-chromatographed over silica. 
Elution with methylene chloride gave 2-aninobenzoylformamidoxime (142) 
(0.02 g; 11 %), m.p. 92-100°, identical (m.p. and i.r. spectrum) to an authentic sample 
prepared before. 
Further elution with methylene chloride-ethyl acetate (10:1) through methylene 
chloride-ethyl acetate (5:1) to methanol gave only a series of gums (0.16 g) whose t.l.c. 
in hexane-ethyl acetate (1:1) over silica showed them to be complex mixtures which 
were not further investigated. 
The Attempted Reaction of 2-Nitrobenzov1formamidoxime (141) with Hydroxylamine 
Hydrochloride in the Presence of Sodium Acetate 
A solution of 2-nitrobenzoylformamidoxime (141) (0.42 g; 0M02 mol) in 
ethanol (10.0 ml) was treated with a solution of hydroxylamine hydrochloride (1.1 g; 
0.016 mol) in water (1.5 ml) then with a solution of sodium acetate (1.3 g; 0.016 mol) 
in water (3.0 ml) and the resulting mixture heated under reflux for 1 h. 
The mixture was cooled then filtered to remove inorganic material. The filtrate 
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was evaporated, the residue treated with water (5.0 ml) and the insoluble solid 
collected, washed with water and dried in vacuo to give only the unreacted starting 
material (141) (0.37 g; 88 %), m.p. 146-1490 , identical (m.p. and i.r. spectrum) to an 
authentic sample. 
Further work up of the aqueous mother liquor gave no other identifiable 
material. 
The Attempted Reaction of 2-Nitrobenzovlformamidoxime (14 1) with Ethyl Carbazate 
in Ethanol 
A solution of 2-nitrobenzoylformamidoxime (141) (0.42 g; 0.002 mol) and 
ethyl carbazate (0.21 g; 0.002 mol) in anhydrous ethanol (10.0 ml) was heated under 
reflux for 24 h. 
The mixture was cooled and evaporated and the residue washed first with ether 
and then with ether-light petroleum to give the unreacted starting material (141) (0.42 g, 
100 %), m.p. 147-1500, identical (m.p. and i.r spectrum) to an authentic sample. 
(Z)-3-(2-Nitrobenzoyfl- 1 -(Carbamovl)fomiamidrazone (159) 
A stirred suspension of ethyl 2-nitrobenzoylformimidate (114) (0.44 g; 
0.002 mol) and semicarbazide hydrochloride (0.56 g; 0.005 mol) in anhydrous ethanol 
(20.0 ml) was treated with a single portion of anhydrous sodium carbonate (0.27 g; 
0.0025 mol) and stirring continued at room temperature with exclusion of atmospheric 
moisture for 17 h. 
The mixture was filtered and the collected solid washed with water and dried in 
vacuo to afford (Z.)-3-(2-nitrobenzoyl)-1-(carbamoyl)formamidrazone (159) (0.39 g; 
69 %) which formed yellow prisms, m.p. 194-198 0 with resolidification and remelting 
at 259-2620  (from glacial acetic acid), Dmax 3460, 3360 and 3310 (NH), 1710 (C=O) 
and 1530 and 1360 (NO2) cm-1,  6H [(CD 3)2S0] 9.13 (1H, s, NH) (exch.), 8.18-8.06 
(1H, m, ArH), 7.88-7.53 (3H, m, ArH), 6.42 (2H, s, NH 2) (exch.) and 5.67 (2H, 
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brs, NH2) (exch.). 
Found: C, 43.0; H, 3.6; N, 27.9 %; mi (El ms), 251 (M). 
C9 H9 N5 04 reuuires: C, 43.0; H, 3.6; N, 27.9 %; M, 251. 
Further work up of the ethanolic mother liquor gave no other identifiable 
material. 
3-(2-Nitrobenzoyfl- 1 H-A 2-triazolin-5(4H)-one (1 60 
(Z)-3-(2-Nitrobenzoyl)- 1-(carbamoyl)formamidrazone (159) (0.19 g, 
0.00075 mol) was heated in a cold finger sublimation tube at 215-220 0 for 5 mm. The 
mixture was cooled and the sublimate combined with the residue to afford 3-(2-
nitrobenzoyl)-1fl-&-triazolin-5(4jj)-one (160) (0.11 g; 63 %) which formed 
colourless prisms, m.p. 260-262 0 (from glacial acetic acid), Umax 3300 (NH), 3100-
2500 (br) (OH) and 1530 and 1350 (NO2) cm -1,  oH [(CD3)2S0] 12.20 (1H, brs, NH) 
(exch.) and 8.64-7.62 (4H, m, ArH). 
Found: C, 46.4; H, 2.6; N, 24.1 %; mi (El ms), 234 (M). 
C9-H6 N4 04 requires: C, 46.2; H, 2.6; N, 23.9 %; M, 234. 
The Attempted Reaction of Ethyl 2-Nitrobenzoylformimidate (114) with Thiourea in 
Anhydrous Ethanol 
A solution of ethyl 2-niirobenzoylformimidate (114) (0.44 g; 0.002 mol) in 
anhydrous ethanol (5.0 ml) was mixed with a solution of thiourea (0.15 g; 0.002 mol) 
in anhydrous ethanol (5.0 ml) and the resulting solution heated under refiux with 
exclusion of atmospheric moisture for 24 h. 
The mixture was evaporated and the residue washed with ether to afford 
unreacted thiourea (0.08 g; 50 %), m.p. 173-1750, identical (m.p. and i.r. spectrum) to 
an authentic sample. 
The ethereal washings were evaporated to give an oil (0.47 g) whose t.l.c. in 
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ethyl acetate over silica showed it to be a complex mixture containing further unreacted 
thiourea and was consequently not further investigated. 
£6-Dihvdro-342-nitrophenyl)12vrazin-2(1H)one (161) 
A solution of ethyl 2-nitrobenzoylformimidate (114) (0.44 g; 0.002 mol) in 
anhydrous ethanol (5.0 ml) was treated with a solution of 1,2-diaminoethane (0.12 g; 
0.002 mol) in anhydrous ethanol (5.0 ml) and the mixture heated under reflux with 
exclusion of atmospheric moisture for 1 h. 
Evaporation gave an oil (0.48 g) which was flash-chromatographed over silica. 
Elution with methylene chloride gave a gum which was treated with ether-light 
petroleum to afford 5,6-dihydro-3-(2-nitrophenyl)pyrazin-2( ljj)-one (161) (0.09 g; 
21 %) which formed cream crystals, m.p. 122-123 0 (from ethyl acetate-light 
petroleum), umax 3200 (NH), 1690 (C=O), 1620 (C=N) and 1520 and 1350 
(NO2) cm-1,  &H (CDC13) 8.18-8.06 (1H, m, ArH), 7.73-7.53 (311, m, ArH), 6.41 
(1H, brs, NH) (exch.), 4.06-3.86 (2H, m, CH 2) and 3.73-3.53 (2H, m, CH2). 
Found: C, 54.4; H, 4.1; N, 19.2 %; m, (El ms), 219.0649 (M). 
CI0H9 N303 requires: C, 54.8; H, 4.1; N, 19.2%; M, 219.0644. 
Further elution with methylene chloride-ethyl acetate (5:1) through to methanol 
gave no other identifiable material. 
2-Amino-3-(2-nitroohenvl)quinoxaline (162) 
(a) A solution of ethyl 2-nitrobenzoylformimidate (114) (4.5 g; 0.02 mol) in 
anhydrous ethanol (20.0 ml) was mixed with a solution of Q-phenylenediamine (2.2 g; 
0.02 mol) in anhydrous ethanol (20.0 ml) and the mixture heated under reflux for 2 h. 
The mixture was evaporated and the residuewas washed with methylene 
chloride, the insoluble yellow solid was collected to afford 2-aniino-3-(2-
nitrophenyl)quinoxaline (162) (2.1 g; 40 %) which formed yellow plates, m.p. 254-
257° (from glacial acetic acid-water), Dmax 3460 and 3300 (NH) and 1520 and 1340 
(NO2) cm-',  6H [(CD3)2S0] 8.33-8.22 (111, m, AM), 8.16-7.25 (7H, m, AM) and 
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6.55 (2H, brs, NH) (exch.). 
Found: C, 62.9; H, 3.6; N, 20.2 	m/  (El ms), 266.0809 (Mt). 
C14  Hio N402 requires: C, 63.2; H, 3.8; N, 21.1 %; M, 266.0804. 
The methylene chloride mother liquor was washed with 2M aqueous 
hydrochloric acid (10.0 ml) and evaporated to give a waxy semi-solid (2.2 g) whose 
t.l.c. in ethyl acetate-methylene chloride (1:1) over silica showed it to be a complex 
mixture which yielded no identifiable material. 
The acidic mother liquor was basified with methylene chloride to give unreacted 
pheny1enediamine (0.42 g; 20 %) as a waxy solid, identical (i.r. spectrum) to an 
authentic sample. 
(b) A solution of ethyl 2-nitrobenzoylformimidate (114) (0.89 g; 0.004 mol) in 
anhydrous ethanol (10.0 ml) was treated with a solution of Q-phenylenediamine 
(0.43 g; 0.004 mol) in anhydrous ethanol (15.0 mlO and the mixture stirred at room 
temperature with exclusion of atmospheric moisture for 24 h. 
The precipitated solid was collected to give 2-amino-3-(2-
nitrobenzoyl)quinoxaline (162) (0.11 g; 10 %), m.p. 253-2550, identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
The ethanol mother liquor was evaporated and the residue washed with 
methylene chloride. The insoluble solid was collected to afford 3-(2-
nitrophenyl)quinoxalin-2(ljj)-one (163) (0.07 g; 7 %), m.p. 290-2920 , identical (m.p. 
and i.r. spectrum) to an authentic sample prepared later. 
The methylene chloride mother liquor was washed with 2M aqueous 
hydrochloric acid (10.0 ml) then evaporated to give an oil which was triturated with 
ether to afford 2-amino-3-(2-nitrophenyl)quinoxaline (162) (0.02 g; 2 %), m.p. 241-
245°, identical (m.p. and i.r. spectrum) to an authentic sample prepared before. 
Evaporation of the ether washings gave ethyl 2-nitrobenzoylformate (120) as an 
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oil (0.49 g; 55 %) identical (i.r. spectrum) to an authentic sample. 
The acidic mother liquor was basified with 2M aqueous sodium hydroxide and 
extracted with methylene chloride to afford unreacted diamine (0.18 g;  40 %), m.p. 
100-1060 , identical (m.p. and i.r. spectrum) to an authentic sample. 
A solution of ethyl 2-nitrobenzoylformimidate (114) (8.9 g; 0.04 mol) in 
anhydrous ethanol (50.0 ml) was treated with a solution of Q-phenylenediamine (4.3 g; 
0.04 mol) in anhydrous ethanol (50.0 ml) and the mixture stirred at 500  with exclusion 
of atmospheric moisture for 24 h. 
The precipitated solid was collected and combined with a second crop obtained 
by evaporating the filtrate, treating the residue with 2M aqueous hydrochloric acid 
(35.0 ml) and methylene chloride then filtering the resulting three phase mixture to 
afford 2-amino-3-(2-nitrophenyl)quinoxaJine (162) (9.1 g; 85 %), m.p. 253-2560 , 
identical (m.p. and i.r. spectrum) to an authentic sample prepared before. 
Evaporation of the methylene chloride extract gave a semi-solid (1.3 g) whose 
t.l.c. in methylene chloride-ethyl acetate (1:1) over silica showed it to be a complex 
mixture which was not further investigated. 
The hydrochloric acid mother liquor was basified with 2M aqueous sodium 
hydroxide and extracted with methylene chloride to give unreacted Q-phenylenediamine 
(0.21 g; 5 %), m.p. 940 , identical (m.p. and i.r. spectrum) to an authentic sample. 
A solution of ethyl 2-nitrobenzoylformimidate (114) (0.44 g; 0.002 mol) in 
anhydrous acetonitrile (5.0 ml) was treated with a solution of Q-phenylenediamine 
(0.22 g; 0.002 mol) in anhydrous acetonitrile (2.5 ml) and the resulting solution heated 
under reflux with exclusion of atmospheric moisture for 1 h. 
The mixture was cooled and evaporated and the residue treated with 2M 
aqueous hydrochloric acid and methylene chloride. The resulting three phase mixture 
was filtered and the insoluble yellow solid collected, washed with water and dried in 
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vacuo to give 2-amino-3-(2-nitrophenyl)quinoxaline (162) (0.26 g; 48 %), m.p. 251-
258°, identical (m.p. and i.r. spectrum) to an authentic sample. 
Evaporation of the methylene chloride extract gave an oil (0.20 g) whose t.l.c. 
in ether over silica showed it to be a complex multicomponent mixture which was not 
further investigated. 
The acidic mother liquor was basified with 2M aqueous sodium hydroxide and 
extracted with methylene chloride to give the crude unreacted Q-phenylenediamine as a 
wax (0.06 g; 27 %) identical (i.r. spectrum) to an authentic sample. 
3-(2-Nitrophenvflquinoxalin-2( 1 Th-one (163) 
A solution of ethyl 2-nitrobenzoylformate (120) (0.45 g; 0.002 mol) in 
anhydrous ethanol (5.0 ml) was treated with a solution of Q-phenylenediamine (0.22 g; 
0.002 mol) in anhydrous ethanol (10.0 ml) and the mixture heated under reflux with 
exclusion of atmospheric moisture for 7 h. 
The mixture was cooled and evaporated and the residue was treated with 2M 
aqueous hydrochloric acid (10.0 ml) and extracted with methylene chloride. An 
insoluble beige coloured solid was collected, washed with water and dried in vacuo to 
afford 3-(2-nitrophenyl)quinoxalin-2(1H)-one (163) (0.23 g; 43 %), m.p. 302-304 0 
(from glacial acetic acid), Umax 3100-2500 (br) (NH), 1670 (C=O) and 1520 and 1350 
(NO2) cm-1,  6H [(CD3)2S0] 12.75 (1H, brs, NB) (exch.) and 8.23-7.27 (8H, m, 
ArH). 
Found: C, 62.3; H, 3.5; N, 15.5 %; m, (El ms), 267.0652 (M). 
C14 H9 N3 02 requires: C, 62.9; H, 3.4; N, 15.7 %; M, 267.0644. 
Evaporation of the methylene chloride extract gave an oil (0.26 g) which was 
washed with ether to remove a small amount of the insoluble quinoxalin-2(lJf)-one 
(163) (0.005 g; 1 %), imp. 295-2970, identical (m.p. and i.r. spectrum) to an authentic 
sample prepared before. Evaporation of the ether washings gave unreacted ethyl 2-
nitrobenzoylformate (120) (0.15 g; 33 %) as an oil identical (i.r. spectrum) to an 
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authentic sample. 
The acidic mother liquor was basified with 2M aqueous sodium hydroxide and 
extracted with methylene chloride to give unreacted Q-phenylenediamine (0.08 g; 
36 %), m.p. 98-101 0, identical (m.p. and i.r. spectrum) to an authentic sample. 
Ouinoxalino[2,3-c]cinnoline 5-N-oxide (1 64 
A stirred suspension of 2-amino-3-(2-nitrophenyl)quinoxaline (162) (1.1 g; 
0.004 mol) in methanol (40.0 ml) was treated with 40 % W/v methanolic 
benzyltrimethylammonium hydroxide (20.0 ml) and the mixture heated under reflux for 
22 h. 
The resulting suspension was hot filtered and the collected solid combined with 
a second crop precipitated from the methanolic filtrate on cooling to give 
quinoxalino[2,3 - ]cinno1ine 5 -fl-oxide (164) (0.74 g; 75 %), m.p. 253-2540 (from 
dimethylformamide), 6H [(CD3)2S0] 9.15-9.04 (1H, m, ArH), 8.73-8.61 (1H, m, 
ArH) and 8.43-7.97 (6H, m, ArH). 
Found: C, 67.8; H, 3.2; N, 22.6 % m/ (El ms), 248 (M). 
C14 H8 N40 requires: C, 67.7; H, 3.2; N, 22.6 %; M, 248. 
The methanolic mother liquor was evaporated and the residue treated with water 
(20.0 ml). The resulting solution was acidified with 2M aqueous hydrochloric acid-and 
extracted with methylene chloride to give a semi-solid which solidified on contact with 
ethanol-light petroleum to afford 3-(2-nitrophenyI)quinoxalin-2(1)-one (163) (0.09 g; 
8 %), m.p. 257-261 0, identified by comparison (m.p., i.r. spectrum and t.1.c. in ether 
over silica) to an authentic sample prepared before. 
Evaporation of the ethanol-light petroleum washings gave an oil (0.23 g) whose 
t.l.c. in ether over silica showed it to be a complex mixture which was not further 
investigated. 
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The Attempted Cvclisation of 2-Amino-3-(2-nitrophenvl)guinoxaline (162) Using 
40 % w/w methanolic Benzyltrimethylammonium Hydroxide in Diethylene Glycol 
Dimethyl Ether (Diglvme) 
A solution of 2-amino-3-(2-nitrophenyl)quinoxaline (162) (0.53 g; 0.002 mol) 
in diglyme (10.0 ml) was treated with 40 % W/,y methanolic benzyltrimethylammonium 
hydroxide (5.0 ml) and the mixture was heated under refiux for 1 h. 
The resulting solution was cooled and evaporated. The residue was treated first 
with water (10.0 ml) then acidified with 2M aqueous hydrochloric acid and extracted 
with methylene chloride to give a semi-solid which solidified on contact with light 
petroleum to give an intractable black solid (0.30 g), m.p. 85-1130, whose t.l.c. in 
ether over silica showed it to be a complex mixture which was therefore not further 
investigated. 
The Attempted Cvclisation of 2-Amino-3-(2-nitrophenvl)quinoxaline (162) Using 
Methanolic Sodium Hydroxide 
A suspension of 2-amino-3-(2-nitrophenyl)quinoxaline (162) (0.53 g; 
0.002 mol) in methanol (40.0 ml) was treated with a solution of sodium hydroxide 
(0.40 g; 0.01 mol) in methanol (10.0 ml) and the mixture heated under reflux for 2 h. 
The resulting suspension was hot filtered and the insoluble solid collected and 
combined with a second crop which precipitated from the methanolic mother liquor on 
cooling, to afford the unreacted starting material (162) (0.40 g; 75 %), m.p. 257-2580, 
identical (m.p. and i.r. spectrum) to an authentic sample. 
The methanolic filtrate was evaporated and the residue treated with water 
(10.0 ml) and extracted with methylene chloride to give only a small amount of an 
unidentifiable wax (0.04 g) which was not further investigated. 
Ouinoxalino[2,3-cicinnoline (165) 
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A solution of 2-amino-3-(2-nitrophenyl)quinoxaline (162) (0.53 g; 
0.002 mol) in 2-ethoxyethanol (10.0 ml) was treated with solid sodium hydroxide 
(0.32 g; 0.008 mol) and the mixture heated under reflux for 30 mm. 
The mixture was diluted with water (20.0 ml) and the precipitated solid 
collected and combined with material obtained by concentrating the filtrate, further 
dilution with water then extracting with methylene chloride. The combined material 
was then flash-chromatographed over silica. 
Elution with methylene chloride-ethyl acetate (10:1) gave the known 47 
quinoxalino[2,3- ]cinnoline (165) (0.15 g; 32 %), m.p. 229-231° (lit., 47  224-2260), 
i [s0] 9.24-9.07 (111, m, ArH), 8.99-8.77 (1H, m, ArH) and 8.61-8.03 (6H, 
m, AM). 
Found: C, 72.3; H, 3.3; N, 24.0 %; mi (El ms), 232 (M). 
Caic. for C14 H8 N4 requires: C, 72.4; H, 3.4; N, 24.1 %; M, 232. 
Further elution with methylene chloride-ethyl acetate (2:1) through to methanol 
gave only gums (total 0.13 g) whose t.l.c. in methylene chloride-ethyl acetate (1:1) 
over silica showed them to be complex mixtures which were not further investigated. 
A solution of quinoxalino{2,3-cjcinnoline 5 -i-oxide (164) (0.50 g; 
0.002 mol) in 88 % v/v  aqueous dimethylformamide (25.0 ml) was treated with sodium 
dithionite (0.50 g) and the mixture heated under reflux for 30 mm. The mixture was 
then treated with a further portion of dithionite (0.50 g) and heating under reflux 
continued for a further 30 mm. 
The mixture was cooled and evaporated and the residue treated with water 
(10.0 ml). The insoluble material was collected, washed with water and dried in vacuo 
to give a solid which was flash-chromatographed over silica. 
Elution with methylene chloride-ethyl acetate (10: 1) gave quinoxalino[2,3-
ç]cinnoline (165) as a waxy solid (0.17 g; 37 %), identical (i.r. spectrum and t.1.c. in 
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ether over silica) to an authentic sample prepared before. 
Further elution with methylene chloride-ethyl acetate (1:1) through ethyl acetate 
to methanol gave only a series of intractable solids (0.24 g) whose Ll.c. in ether over 
silica showed them to be multicomponent mixtures which consequently were not 
further investigated. 
(c) A suspension of quinoxalino[2,3-]cinnoline 5 -i-oxide (164) (0.25 g; 
0.001 mol) in triethyiphosphite (2.0 ml) was heated under reflux for 4 h. 
The mixture was evaporated and the residue treated with water (4.0 ml) then 
extracted with methylene chloride to give a semi-solid (0.48 g) which was flash-
chromatographed over silica. 
Elution with hexane-methylene chloride (1:1) through to methylene chloride 
gave a series of intractable gums (total 0.06 g) whose t.l.c. in methylene chloride-ethyl 
acetate (2:1) over silica showed them to be complex mixtures which were not further 
investigated. 
Elution with methylene chloride-ethyl acetate (1:1) gave quinoxalino[2,3-
ç.]cinnoline (165) as a waxy solid (0.02 g; 6 %), identical (i.r. spectrum and t.l.c. in 
methylene chloride-ethyl acetate (2:1) over silica) to an authentic sample. 
Further elution with ethyl acetate-methanol through to neat methanol gave only 
intractable oils and gums (total 0.28 g) whose t.1.c. in methylene chloride-ethyl acetate 
(2:1) showed them to be complex mixtures which were not further investigated. 
The Attempted Reaction of Ouinoxalino[2,3-cicinnoline 5-N-oxide (164) with Acetic 
Anhydride 
A suspension of quinoxalino[2,3-ç]cinnoline 5 -fl-oxide (164) (0.25 g; 
0.001 mol) in acetic anhydride (7.5 ml) was heated under reflux for 3 h. 
The resulting solution was cooled and the precipitated solid collected and 
combined with material obtained by evaporating the filtrate to give the unreacted starting 
material (164) (0.25 g; 99 %), m.p. 250-2520 , identical (m.p. and i.r. spectrum) to an 
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authentic sample. 
The Attempted Reactions of Ouinoxalino[2.3-cicinnoline 5-N-oxide (164) with 
Concentrated Hydrochloric Acid 
A suspension of quinoxalino[2,3-cJcinnoline 5-i-oxide (164) (0.25 g; 
0.001 mol) in concentrated hydrochloric acid (2.5 ml) was stirred at room temperature 
for 30 mm. 
The insoluble solid was collected, washed with water and dried in vacuo to 
afford only the unreacted starting material (164) (0.19 g; 76 %), m.p. 253-254 0, 
identical (m.p. and i.r. spectrum) to an authentic sample. 
Basification of the aqueous filtrate with 2M aqueous sodium hydroxide and 
extraction with methylene chloride gave no further material. 
Repetition of the above reaction at 60 0 for 25 min gave a mixture which 
was cooled and filtered to give a purple solid (0.24 g) whose t.l.c. in ether over silica 
showed it to be a complex mixture. The solid was treated with 2M aqueous sodium 
hydroxide (5.0 ml) and the insoluble material collected, washed with water and dried jj 
vacuo to give the unreacted starting material (164) (0.17 g; 68 %), m.p. 197-2050 , 
identical (m.p. and i.r. spectrum) to an authentic sample. 
Further work up of the aqueous alkaline mother liquor gave no other identifiable 
material. 
2-Amino-6-methyl-3-(2-nitrophenyl)quinoxaline (172 a) and 2-Amino-7-methvl-342-
nitrophenvl)guinoxaline (172 b) 
A solution of ethyl 2-nitrobenzoylformimidate (114) (0.44 g; 0.002 mol) in 
anhydrous ethanol (5.0 ml) was treated with a solution of 3,4-diaminotoluene (171 a) 
(0.24 g; 0.002 mol) in anhydrous ethanol (5.0 ml) and the mixture heated under reflux 
with exclusion of atmospheric moisture for 3 h. 
The mixture was cooled and the precipitated yellow solid collected and 
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combined with material obtained by evaporating the filtrate and washing the residue 
with ether-light petroleum to afford an isomeric mixture of 2-amino-6-methyl-3-(2-
nitrophenyl)quinoxaline (172 a) and 2-amino-7-methyl-3-(2-nitrophenyl)quinoxaline 
(172 b) (0.36 g;  65 %), m.p. 281-285 0 (from 1,2-dimethoxyethane), Dmax 3460 and 
3310 (NH) and 1520 and 1360 (NO2) cm -1,  aH {(CD3)2SO} 8.30-7.09 (7H, m, 
AM), 6.44 and 6.38 each (2H, s, NH) (exch.) and 2.46 and 2.43 each (3H, s, CH 3). 
Found: m,  (El ms), 280.0966 (M). 
C1 5 Hig N4 03 requires: M, 280.0960. 
Evaporation of the ether-light petroleum washings gave an oil (0.17 g) whose 
t.l.c. in ether over silica showed it to be a multicômponent mixture which was not 
further investigated. 
The Attempted Cyclisation of 2-Amino-6(7)-methyl-342-nilrophenyl)quinoxaljne (172 
a and b) Using Benzyltrimethvlammonium Hydroxide in Methanol 
A stirred suspension of an isomeric mixture of 2-amino-6-methyl-3-(2-
nitrophenyl) quinoxaline (172 a) and 2-amino-7-methyl-3-(2-nitrophenyl)quinoxaline 
(172 b) (0.56 g; 0.002 mol) in methanol (15.0 ml) was treated with 40 % W/i 
methanolic benzyltrimethylammonium hydroxide (10.0 ml) and the mixture was heated 
under reflux for 22 h. 
The resulting solution was cooled, evaporated and the residue treated with water 
(10.0 ml). The insoluble solid was collected, washed with water and dried in vacuo to 
give an intractable material (0.07 g), m.p. 133-140 0, whose t.l.c. in ether over silica 
showed it to be a complex mixture which was therefore not further investigated. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with ethyl acetate to an intractable tar (0.12 g) whose t.l.c. in ether over 
silica showed it to be a complex mixture. 
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2-Amino-6.7-dimethvl-3-(2-niirophenyl)guinoxaline (172 c) 
A solution of ethyl 2-nitobenzoylformimidate (114) (2.2 g; 0.01 mol) in 
anhydrous ethanol (15.0 ml) was treated with a solution of 1,2-diamino-4,5-
dimethylbenzene (171 c) (1.4 g; 0.01 mol) in anhydrous ethanol (15.0 ml) and the 
resulting solution heated under reflux with exclusion of atmospheric moisture for 1 h. 
The precipitated yellow solid was collected and combined with insoluble 
material obtained by evaporating the ethanolic filtrate and treating the residue with 2M 
aqueous hydrochloric acid and methylene chloride to give 2-amirio-6,7-dimethyl-3-(2-
nitrophenyl)quinoxaline (172 c) (2.4 g;  82 %), m.p. 296-2980 (from 
dimethylformamide), Dmax 3450, 3380 and 3300 (NH) and 1520 and 1350 
(NO2) cm-1, 6 [(CD3)2S0] 8.24 (1H, dd, Jortho 9 Hz and Jmeta 1 Hz, AM), 7.94-
7.65 (3H, m, ArH), 7.50 (1H, s, ArH), 7.38 (1H, s, ArH), 6.38 (2H, s, NH2) 
(exch.), 2.38 (3H, s, CH3) and 2.33 (3H, s, CH3 ). 
Found: mi  (El ms), 294.119 (M). 
C16H14N402 requires: M,294.1117 
Evaporation of the methylene chloride extract gave a semi-solid (0.58 g) whose 
t.l.c. in ether over silica showed it to be a complex mixture. 
The acidic aqueous washings were basified with 2M aqueous sodium hydroxide 
and extracted with methylene chloride to give a negligable amount of a waxy solid 
which was not further investigated. 
The Attempted Cyclisation of 2-Amino-67-dimethyl-3-(2-nitrophenyflquinoxaljne 
(172 c) Using Benzyltrimethylammonium Hydroxide in Methanol 
(a) A stirred suspension of 2-amino-6,7-dimethyl-3-(2-nitrophenyl)quinoxaljne 
(172 c) (0.59 g; 0.002 mol) in methanol (15.0 ml) was treated with 40 % W/w 
methanolic benzyltrimethylammonium hydroxide (10.0 ml) and the resulting mixture 
stirred under reflux for 4 h. 
The mixture was hot filtered to remove the unreacted starting material (172 c) 
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(0.32 g; 54 %), m.p. 285-287 0, identical (m.p. and i.r. spectrum) to an authentic 
sample. 
The methanolic filtrate was evaporated to give an intractable tar from which no 
further identifiable material could be obtained. 
(b) A stirred suspension of 2-amino-6,7-dimethyl-3-(2-nitrophenyl)quinoxaljne 
(172 c) (0.44 g; 0.0015 mol) in methanol (15.0 ml) was treated with 40 % W/w 
methanolic benzyltrimethylammonium hydroxide (15.0 ml) and the mixture stirred 
under reflux for 22 h. 
The resulting solution was evaporated and the residue treated with water 
(25.0 ml) then acidified with 2M aqueous hydrochloric acid. The precipitated solid was 
collected and combined with solid material obtained by extracting the aqueous mother 
liquor with methylene chloride. The solid so obtained (0.26 g) was flash-
chromatographed over silica. 
Elution with methylene chloride-ethyl acetate (10:1) through ethyl acetate to 
methanol gave only a series of semi-solids (total 0.24 g) whose t.l.c. in ether over silica 
showed them to be multicomponent mixtures from which no identifiable material was 
obtained. 
2-Amino-6-chloro-3-(2-nitrophenyl)puinoxaline 072 d) and 2-Amino-7-chloro-342-
nilrophenvl)quinoxaline (172 e) 
A solution of ethyl 2-nitrobenzylformiinidate (114) (0.44 g; 0.002 mol) in 
anhydrous ethanol (10.0 ml) was treated with a solution of 4-chloro-1,2-
dianiinobenzene (171 d) (0.26 g; 0.002 mol) in anhydrous ethanol (5.0 ml) and the 
mixture was heated under reflux with exclusion of atmospheric moisture for 24 h. 
The mixture was evaporated and the residue washed with ether. The insoluble 
yellow solid was collected to afford an isomeric mixture of 2-amino-6-chloro-3-(2-
nitrophenyl)quinoxaline (172 d) and 2-amino-7-chloro-3-(2-nitrophenyl)quinoxaline 
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(172 e) (0. 12 g; 20 %), m.p. 274-277 0 (from toluene-acetonitrile), 'Umax 3460 and 
3310 (NH) and 1530 and 1350 (NO2) cm -1,  5H'[(CD3)280] 8.35-8.24 (1H, m, 
AM), 8.04-7.30 (6H, m, ArH) and 6.80 and 6.73 each (2H, s, NH 2) (exch.). 
Found: m,  (El ms), 302.0398 and 300.0431 (Mt). 
C14H9 Cl N4 03 requires: M, 302.0385 and 300.0414. 
Evaporation of the ethereal mother liquor gave a gum (0.43 g) whose tic, in 
ether over silica showed it to be a complex multicomponent mixture which was not 
therefore further investigated. 
9-Chloroquinoxalinef2.3-cicinnoline 5-N-oxide (173 d) and 10-
Choroquinoxaline[2.3-c]cinnoline 5-N-oxide (173 e 
A stirred suspension of an isomer mixture of 2-amino-6-chloro-3-(2- 
nitrophenyl)quinoxaline (172 d) and 2-amino-7-chloro-3-(2-nitrophenyl)quinoxaline 
(172 e) (90 mg; 0.0003 mol) in methanol (5.0 ml) was treated with 40 % W/ 
methanolic benzyltrimethylammonium hydroxide (1.5 ml) and the mixture stirred under 
reflux for 22 h. 
The resulting suspension was cooled and the insoluble yellow solid collected 
and washed with methanol to afford 9-chloroquinoxalino[2,3 -Q]cinnoline 5-N-oxide 
(173 d) or 10-chloroquinoxalino[2,3-cjcinnoline 5-N-oxide (173 e) (0.06 g; 71 
m.p. 252-2530 (from dimethylformamide-water), 6H [(CD 3)2S0] 9.13-8.99 (1H, m, 
ArH), 8.71-8.61 (1H, m, ArH), 8.43-8.01 (3H, m, ArH) and 7.78-7.65 (2H, m, 
ArH). 
Found: m,  (El ms), 284.0279 and 282.0308 (M). 
C14 H7 Cl N4 0 requires: M, 284.0279 and 282.0308. 
Evaporation of the methanolic filtrate, treatment with water (4.0 ml) then 
acidification with 2M aqueous hydrochloric acid gave no further identifiable material. 
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The Attempted Reaction of Ethyl 2-Nitrobenzoylformimidate (114) with 1,2-Diamino-
4-nitrobenzene (174 a) in Anhydrous Ethanol 
A solution of ethyl 2-nitrobenzoylformimidate (114) (0.44 g; 0.002 mol) in 
anhydrous ethanol (5.0 ml) was treated with a solution of 1,2-diamino-4-nitrobenzene 
(174 a) (0.31 g; 0.002 mol) in anhydrous ethanol (25.0 ml) and the mixture was heated 
under reflux with exclusion of atmospheric moisture for 1 h. 
The mixture was cooled and the precipitated solid collected and combined with a 
second crop obtained by evaporating the filtrate and washing the residue with ether to 
afford unreacted 1,2-diamino-4-nitrobenzene (174 a) (0.28 g; 85 %), m.p. 201-2050, 
identical (m.p. and i.r. spectrum) to an authentic sample. 
The ether filtrate was evaporated to give an oil (0.42 g) whose t.l.c. in 
methylene chloride-ethyl acetate (5:1) over silica showed it to be a complex mixture 
which was therefore not further investigated. 
The Attempted Reaction of Ethyl 2-Nitrobenzoylformimidate (114) with 3.4-
Diaminobenzophenone (174 b) in Anhydrous Ethanol 
A solution of ethyl 2-nitrobenzoylformimidate (114) (0.44 g; 0.002 mol) in 
anhydrous ethanol (5.0 ml) was mixed with a solution of 3,4-diaminobenzophenone 
(174 b) (0.42 g; 0.002 mol) in anhydrous ethanol (20.0 ml) and the mixture was heated 
under reflux with exclusion of atmospheric moisture for 1 h. 
The mixture was evaporated to give an intractable gum (0.83 g) whose t.1.c. in 
ether over silica showed only the presence of the two unreacted starting materials (114) 
and (174 b) and consequently was not further investigated. 
The Attempted Reaction of Ethyl 2-Nitrobenzoylformimidate (114) with 2.3-
Diamincrnvridine (176) in Anhydrous Ethanol 
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A solution of ethyl 2-nitrobenzoylformimidate (114) (0.44 g; 0.002 mol) in 
anhydrous ethanol (5.0 ml) was treated with a solution of 2,3-diaminopyridine (176) 
(0.22 g; 0.002 mol) in anhydrous ethanol (5.0 ml) and the resulting solution was 
heated under reflux with exclusion of atmospheric moisture for 24 h. 
The mixture was evaporated to give a dark oil (0.65 g) whose t.l.c. in ethyl 
acetate over silica showed it to be a complex mixture which was not further 
investigated. 
2-Amino-3-(2-nitrophenvl')benzo[glguinoxaline (180) 
A solution of ethyl 2-nitrobenzoylformimidate (114) (4.4 g; 0.02 mol) in 
anhydrous ethanol (50.0 ml) was treated with a solution of 2,3-diaminonaphthalene 
(179) (3.2 g; 0.02 mol) in anhydrous ethanol (200 ml) and the mixture heated at 50 0 
with exclusion of atmospheric moisture for 24 h. 
The precipitated solid was collected to afford 2-amino-3-(2-
nitrophenyl)benzo[g]quinoxaline (180) (3.1 g; 49 %) as an acetic acid solvate, m.p. 
273-2750 (from glacial acetic acid), 'Umax 3480 and 3320 (NH) and 1530 and 1360 
(NO2) cm-1,  6H [(CD3)2S0] 8.39-7.39 (10H, m, ArH) and 6.74 (2H, brs, NH2) 
(exch.). 
Found: m,  (El ms), 316.0963 (M-CH 3CO2H). 
C18 H12 N4 02. CH3 CO2 H requires: (M-CH 3CO2H), 316.0960. 
Evaporation of the ethanolic filtrate gave a gum (3.9 g) whose t.l.c. in ether 
over silica showed it to be a complex multicomponent mixture which was not therefore 
further investigated. 
BenzoFglguinoxalinol2.3-cicinnoljne 5-N-oxide (181) 
A stirred suspension of the aminobenzoquinoxaline (180) (0.63 g; 0.002 mol) 
in methanol (15.0 ml) was treated with 40 % w/w  methanolic 
benzyltrimethylammonium hydroxide (10.0 ml) and the resulting mixture was heated 
under reflux for 22 h. 
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The mixture was cooled and the insoluble purple-brown solid collected and 
combined with further insoluble material obtained by evaporating the mother liquor and 
triturating the residue with water to afford benzo[g]quinoxaIino[ 2,3- ]cinnoline 5-i-
oxide (18 1) which was purified by hot filtration from glacial acetic acid to give an 
amorphous purple-brown solid (0.46 g; 77 %), m.p. >3200 , lJmax 1630 (C=N) cm -1 , 
6H [(CD3)2S0] 9.00-7.00 ( m, ArH). 
Found: m,  (FAB ms), 299.0933 [(M+H) 1] 
Cia Hio N4 0 requires: (M+H), 299.0933. 
The Attempted Reaction of Ethyl 2-Nilrobenzovlformimidate (114) with 1,2-
Dianiinoanthraquinone (182) in Anhydrous Ethanol 
A solution of ethyl 2-nitrobenzoylformimidate (114) (0.44 g; 0.002 mol) in 
anhydrous ethanol (5.0 ml) was treated with a solution of 1,2-diaminoanthraquinone 
(182) (0.47 g; 0.002 mol) in anhydrous ethanol (20.0 ml) and the resulting solution 
heated under reflux with exclusion of atmospheric moisture for 7 h. 
The mixture was cooled and the precipitated solid collected and combined with 
material obtained by evaporating the ethanolic filtrate and washing the residue with 
ether to afford the unreacted 1,2-diaminoanthroquinone (182) (0.43 g; 91 %), m.p. 
289-2920, identical (m.p. and i.r. spectrum) to an authentic sample. 
Evaporation of the ether washings gave an intractable oil (0.56 g) which was 
not further investigated. 
2-Amino-3-(5-chloro2nitrophenyl)qujnoxaljne (191 a) 
A solution of ethyl 5-chloro-2-nitrobenzoylf6rmin -iidate (190a) (2.6 g; 
0.01 mol) in anhydrous ethanol (15.0 ml) was treated with a solution of Q- 
phenylenediamine (1.19; 0.01 mol) in anhydrous ethanol (10.0 ml) and the mixture 
was stirred at 500  with exclusion of atmospheric moisture for 24 h. 
The precipitated solid was collected to afford 2-amino-3-(5-chloro-2- 
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nitrophenyl)quinoxaline (191 a) (2.0 g; 66 %) which formed yellow needles, m.p. 
303-3040 (from dimethylformamide-water), i.)max 3460 and 3310 (NH), 1670 and 
1650 (C=N) and 1520 and 1350 (NO2) cm-',  &H [(CD3)2S0] 9.04-8.01 (7H, m, 
AM) and 6.52 (2H, S. NH2) (exch.). Which decomposed on attempted purification 
for analysis. 
The Cyclisation of 2-Amino-3-(5-chloro-2-nitrophenvl)guinoxaline (191 a) Using 
Methanolic Benzyltrimethvlammonium Hydroxide 
A stirred suspension of 2-amino-3-(5-chloro-2-nitrophenyl)quinoxaline (191 a) 
(0.60 g; 0.002 mol) in methanol (1.0 ml) was treated with 40 % w/w methanolic 
benzyltrimethylammonium hydroxide (10.0 ml) and the mixture stirred and heated 
under reflux for 18 h. 
The mixture was hot filtered and the collected solid combined with a further 
crop obtained by evaporating the filtrate and treating the residue with water (10.0 ml) to 
give 2-methoxyquinoxalino[2,3-cJcinnoline 5-fl-oxide (192) (0.39 g; 68 %), m.p. 
288-2890 (decomp.) (from dimethylformamide), 6H [(CD3)2S0] 8.69-7.60 (7H, m, 
ArH) and 4.14 (3H, s, CH3). 
Found: C, 64.4; H, 3.5; N, 20.1 %; m, (El ms), 278 (M). 
C1 5 HIO N4 , 02 requires: C, 64.7; H, 3.6; N, 20.1 %; M, 278. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and the precipitated solid collected, washed with water and dried in vacuo to give 3-(5-
methoxy-2-ni1rophenyl)quinoxalin2(1one (194) (0.16 g; 27 %) which formed 
cream coloured prisms, m.p. 276-278 0 (from glacial acetic acid), 6H  [(CD3)2S0] 
12.53 (1H, brs, NH) (exch.), 8.25-8. 12 (1H, m, ArH), 7.91-7.21 (6H, m, ArH) and 
3.94 (3H, s, CH3). 
Found: C, 60.5; H, 3.8; N, 13.9 %; m, (El ms), 251 (M-NO 2); m,  (FAB 
ms), 298 [(M+H)]. 
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Q5 Hu N3 04 requires: C, 60.6; H, 3.7; N, 14.1 %; M, 297. 
2-ChloroquinoxaljnoF2.3-ckinnoline 5-N-oxide (193 a) 
A suspension of 2-amino-3-(5-chloro-2-nitrophenyl)quinoxaline (191 a) 
(0.60 g; 0.002 mol) in water (15.0 ml) was stirred and treated with 40 % W/w  aqueous 
benzyltrimethylanimonium hydroxide (10.0 ml) and the mixture heated at 1000  for 
18 h. 
The mixture was cooled and the insoluble solid collected, washed with water 
and dried in vacuo to give 2-chloroquinoxalino[2,3-c]cinnoline 5 -N-oxide (193 a) 
(0.24 g; 42 %) which formed yellow needles, m.p. 313-314 0 (from 
dimethylformamide), 8H [(CD 3)2S0] 9.02 (1H, d, Jmeta 2 Hz, ArH), 8.67 (1H, d, 
JortlIc) 9 Hz, ArH) and 8.40-8.00 (511, m, ArH). 
Found: mi  (El ms), 284.0275 and 282.098 (M) 
14H7 Cl N4 0 requires: M, 284.0279 and 282.0308. 
Work up of the aqueous mother liquor gave no other identifiable material. 
The Reaction of 2-Chloroquinoxalino[2,3-cicinnoline 5-N-oxide (193 a) with 
Methanolic Benzyltrimethvlammonium Hydroxide 
A stirred suspension of 2-chloroquinoxalino[2,3-cJcinnoline 5-N-oxide (193 a) 
(0.14 g; 0.0005 mol) in methanol (7.5 ml) was treated with 40 % w/ w  methanolic 
benzyltrimethylammonium hydroxide (2.5 ml) and the mixture heated under reflux for 
22 h. 
The mixture was cooled and the insoluble solid collected and washed with 
methanol to give 2-methoxyquinoxalino[2,3- ]cinnoline 5 -N-oxide (192) (0.14 g; 
100 %), m.p. 289-291 0, identical (m.p. and i.r. spectrum) to an authentic sample 
prepared before. 
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The Attempted Reaction of 2-Amino-3-(5-chloro-2-nitrophenyl)guinoxaline (191 a 
with Methanolic Sodium Methoxide 
A stirred suspension of the quinoxaline derivative (191 a) (0.60 g; 
0.002 mol) in methanol (10.0 ml) was treated with a solution of sodium (0.18 g; 
0.008 g atom) in methanol (10.0 ml) and the mixture was stirred at room temperature 
with exclusion of atmospheric moisture for 3 h. 
The insoluble solid was collected to afford only the unreacted starting material 
(191 a) (0.57 g; 95 %), m.p. 250-2520 , identical (m.p. and i.r. spectrum) to an 
authentic sample. 
Repetition of the reaction described in (a) above but with heating under 
reflux gave on cooling a yellow solid which was collected to afford only the unreacted 
starting material (191 a) (0.44 g; 73 %), m.p. 232-2360 , identical (m.p. and i.r. 
spectrum) to an authentic sample. 
2-Amino-3-(5-bromo-2-nitrophenyflguinoxaline (191 b) 
A solution of ethyl 5-bromo-2-nitrobenzoylformimidate (190 b) (5.9 g; 
0.02 mol) in anhydrous ethanol (50.0 ml) was treated with a solution of - 
phenylenediamine (2.2 g; 0.02 mol) in anhydrous ethanol (25.0 ml) and the mixture 
stirred at 500 with exclusion of atmospheric moisture for 24 h. 
The precipitated yellow solid was collected and combined with material obtained 
by evaporating the filtrate and washing the residue with ether to give 2-amino-3-(5-
bromo-2-nitrophenyl)quinoxaline (191 b) (5.5 g; 79 %) which formed yellow needles, 
m.p. 264-2650  (from dimethylformamide-water), Umax 3460 and 3310 (NH) and 1520 
and 1360 (NO2) cm -1,  oH [(CD3 )2S0] 8.27-7.31 (711, m, ArH) and 6.64 (2H, s, 
NH2) (exch.). 
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Found: C, 48.8; H, 2.6; N, 15.3 %; m, (El ms), 345.9881 and 343.9893 
(M). 
C14 H9 Br N4 02 requires: C, 48.7; H, 2.6; N, 16.2 %; M, 345.9890 and 
343.9909. 
Evaporation of the ethereal mother liquor gave an oil (1.5 g) whose t.l.c. in 
ether-methylene chloride (1:1) over silica showed it to be a complex mixture which was 
not therefore further investigated. 
Attempted Cyclisation of 2-Amino-3-(5-bromo-2-nitrophenyl')quinoxaline (191 b 
Using Methanolic Benzvltrimethylammonium Hydroxide 
A stirred suspension of 2-amino-3-(5-bromo-2-nitrophenyl)quinoxaline (191 b) 
(0.69 g; 0.002 mol) in methanol (15.0 ml) was treated with 40 % wi w  methanolic 
benzyltrimethylammonium hydroxide (10.0 ml) and the mixture was stirred and heated 
under reflux for 22 h. 
The mixture was hot filtered and the collected solid combined with further 
material obtained by evaporating the filtrate and treating the residue with water to afford 
2-methoxyquinoxalino[2,3- ]cinnoline 5 -fl-oxide (192) (0.41 g; 74 %), m.p. 289- 
2910  (decomp.), identical (m.p. and i.r. spectrum) to an authentic sample prepared 
before. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and the precipitated solid collected to give 3-(5-methoxy-2-nitrophenyl)quinoxalin-
2(1W-one (194) (0.07 g; 13 %), m.p. 276-2780 , identical (m.p. and i.r. spectrum) to 
an authentic sample prepared before. 
2-Bromoquinoxalino[2,3-cicinnoline 5-N-oxide (193 b) 
A stirred suspension of 2-amino-3-(5-bromo-2-nitrophenyl)quinoxaline (191 b) 
(0.69 g; 0.002 mol) in water (15.0 ml) was treated with 40 % W/ aqueous 
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benzyltrimethylammonium hydroxide (10.0 ml) and the mixture heated at 1000  for 
18 h. 
The mixture was cooled and the insoluble solid collected, washed with water 
and dried in vacuo to give 2-bromoquinoxalino[2,3-cJcinnoline 5 -a-oxide (193 b) 
(0.48 g; 91 %) which formed yellow needles, m.p. 320-322 0 (from 
dimethylformamide), 3H  [(CD3)2S0] 9.18 (1H, dd, Jmeta 2 Hz and Jpara 0.4 Hz, 
AM) and 8.74 (6H, m, ArH). 
Found: C, 51.4; H, 2.1; N, 17.0 %; m, (El ms), 328 and 326 (M). 
C14 H7 BrN4O requires: C, 51.4; H, 2.1; N, 17.1 %; M, 327. 
Work up of the aqueous mother liquor gave no other identifiable material. 
The Reaction of 2-Bromoquinoxalino[2.3-cicinnoline 5-N-oxide (193 b) with 
Methanolic Benzylthmethylammonium Hydroxide 
A stirred suspension of 2-bromoquinoxalino[2,3 -çjcinnoline 5-i-oxide (193 b) 
(0.33 g; 0.001 mol) in methanol (7.5 ml) was treated with 40 % w/w methanolic 
benzylirimethylammonium hydroxide (2.5 ml) and the mixture heated under reflux for 
48 h. 
The insoluble yellow solid was collected, washed with methanol and dried in 
vacuo to afford 2-methoxyquinoxalino[2,3 - ]cinnoline 5-i-oxide (192) (0.25 g; 
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Studies of the Synthesis and Ring-Scission Reactions of Pyrazolol3,4-cicinnoline 
Derivatives 
Introduction 
The successful approach to polycyclic fused cinnoline derivatives, 
developed in Chapter 2, now prompted a synthetic investigation of other fused 
cinnoline ring systems which would be capable of undergoing chemical 
transformation to provide a source of 3,4-bis-substituted cinnoline derivatives. One 
such heterocycle (Scheme 49) was the previously undescribed 
dihydropyrazolo[3,4-cjcinnolinone N-oxide (195). The potential 
dihydropyrazolone ring scission reactions of the latter [e.g. (195) -* (196) or (195) 
-, (197)] were, in principle, likely to afford cinnoline derivatives [(196) or (197)] 
amenable to subsequent conversion to 3,4-clioxygenated compounds of the type 
(98) whose potential antiinflammatory activity was discussed in the preface to 
Chapter 1. 
A retrosynthetic analysis (Scheme 50) of the dihydropyrazolocinnolinone 
N-oxide (195) indicated that base-catalysed cydisation of an appropriately 
substituted dihydroaminopyrazolone (198) might provide a suitable synthetic 
approach to the target compound (195). It was hoped that reaction of 2-
chloronitrobenzene (200) with ethyl 2-cyanoacetate to give the known 57  cyano 
ester (199) followed by condensation with hydrazine would afford the required 
aminopyrazolone derivative (198). 
Discussion 
The reaction (Scheme 51) of 2-chloronitrobenzene (200) with ethyl 2-
cyanoacetate in the presence of sodium hydride afforded the known 57  ethyl 2-cyano-2-
(2-nitrophenyl)acetate (199) in excellent yield (92 %), whose analytical and 
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the condensation of the cyano ester (199) with one equivalent of hydrazine 
monohydrate in ethanol gave only a moderate yield (37 %) of a compound whose 
analytical, i.r., n.m.r. and mass spectral properties were consistent with its formulation 
as the previously undescribed 3-amino-5-hydroxy-4-(2-nitrophenyl)-2-pyrazole 
(202). In addition to isolation of the hydroxypyrazole (202) a significant amount 
(42 %) of unreacted cyano ester (199) was also retrieved from the reaction, thus 
accounting for the poor yield of pyrazole formation. Evidence for the hydroxypyrazole 
structure (202) and not the alternative pyrazolone structure (198) was inferred by the 
observed hydroxyl absorption in the infra-red at 3200-2500 (br) cm -1 and lack of 
carbonyl absorption. There is no concrete evidence for the existence of the 
hydroxypyrazole as the 2-fl-tautomer (202). However, it is formulated as such on the 
basis (Scheme 51) of the reported 58  stability of 3-amino-5-hydroxy-2-pyrazole (202; 
H for 2-nitrophenyl) over the corresponding 1-ff-tautomer (201; H for 2-nitrophenyl). 
In an attempt to improve the yield of hydroxypyrazole (202) formation, the cyano ester 
was now treated with an excess of hydrazine monohydrate. This change led to a small 
improvement in yield of pyrazole (202) (48 %) however no unreacted cyano ester was 
recovered in this case. Instead the known 59 2-nitrophenylacetonitrile (203) was 
recovered as a by-product in 42 % yield. The formation (Scheme 52) of this product is 
presumably attributable to extrusion of the highly stabilised anion (206) from the 
tetrahedral intermediate (205) initially formed by nucleophilic attack of hydrazine on the 
cyano ester. Support for this hypothesis comes from the observed failure of the 
hydroxypyrazole (202) to react with hydrazine monohydrate in ethanol, thus 
demonstrating that the former is not an intermediate en route to the acetomtrile 
derivative (203). 
Other alternative conditions for the cycisation (Scheme 53) of ethyl 2-cyano-2-
(2-nitrophenyl)acetate (199) with hydrazine were now investigated in order to enhance 
the relatively poor yield of hydroxypyrazole (202). Sadly, the cyano ester (199) failed 
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conditions with hydrazine dihydrochioride in ethanol containing an equivalent amount 
of sodium carbonate. In both cases, unreacted starting material (199) was recovered in 
high yield (96 % and 88 % respectively) with no observable trace of hydroxypyrazole 
(202). The poor reactivity of the cyano ester (199) under these conditions is not clear 
but may be a result of the ester function being enolised thus inhibiting the initial 
condensation. 
At this point, it was decided to investigate the possible use (Scheme 53) of the 
slightly more reactive methyl cyano ester (207) as an alternative substrate for pyrazole 
formation. The methyl cyano ester (207) was readily prepared in high yield (90 %) by 
reaction of 2-chloronitrobenzene (200) with methyl cyanoacetate using sodium hydride 
as base. Surprisingly, condensation of the methyl cyano ester (207) with one 
equivalent of hydrazine monohydrate gave the hydroxypyrazole (202) in good yield 
(60 %) although an appreciable amount (34 %) of unreacted starting material (207) was 
again recovered. The significant improvement in the yield of hydroxypyrazole (202) 
formed in going from ethyl to methyl cyano ester (199 and 207 respectively) was 
rather surprising since the difference in reactivities between the two esters (199 and 
207) would have been expected to be too little to account for the observed yield 
enhancement (23 %). To investigate this phenomenon more closely, an attempt 
(Scheme 54) was made to prepare the more reactive 4-nitrophenyl cyano ester (211) in 
the hope that this compound would provide an even more efficient hydroxypyrazole 
(202) synthesis in which all of the starting material was rapidly consumed. The known 
60 4-mtrophenyl 2-cyanoacetate (209) was readily prepared by the reaction of 4-
nitrophenol (208) with cyanoacetic acid in acetic anhydride as described by Desideri et 
1. 60. Unfortunately, the attempted reaction of the 4-nitrophenyl cyano ester (211) 
with 2-chloromtrobenzene (200) in the presence of sodium hydride gave only high 
yields of 4-nitrophenol (208) and 2-chloronitrobenzene (200) (88 % and 47 % 
respectively). 
Since the approach, described above, using an activated ester had been 
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cyano ester (207) to the corresponding carboxylic acid (212) from which a reactive 
acid chloride derivative (213) might be prepared. Reaction of the acid chloride (213) 
with hydrazine was then expected to provide an alternative high yielding route to afford 
the hydroxypyrazole (202) which was of interest. In practice however, the attempted 
base catalysed hydrolysis of the methyl cyano ester (207) was unsuccessful. When a 
solution of the ester (207) in 2M aqueous sodium hydroxide was stirred at room 
temperature or at 500  no reaction was observed. Repeating the reaction under reflux 
conditions resulted in intractable mixtures. At this stage attempts to prepare the acid 
chloride (213) were therefore abandoned and instead our attention was turned to 
methods of modifying (Scheme 56) the nitrile function involved in pyrazole formation. 
The possibility (Scheme 56) of introducing an ortho side chain into 2-
chloronitrobenzene (200) bearing a more reactive nitrile equivalent in the form of the 
imidate derivative (214) provided an attractive alternative synthesis of the 
hydroxypyrazole (202). Reaction of the imidate (214) with hydrazine should in 
principle lead to the hydroxypyrazole derivative (202) via spontaneous cyclisation of 
the amidrazone (215). Since previous studies at Edinburgh 61  had shown that ethyl 2-
cyano-2-(2-mtrophenyl)acetate (199) could not itself be converted directly into the 
required imidate (214) an alternative route to the latter was sought (Scheme 57). Thus 
it was hoped that reaction of ethyl 2-ethoxycarbonylacetimidate (218) with 2-
chloronitrobenzene (200) in the presence of a suitable base would lead, by aromatic 
nucleophilic substitution, to the imidate derivative (214) whose cycisation with 
hydrazine was of interest (Scheme 56). 
The known 62 (Scheme 57) ethyl 2-ethoxycarbonylacetirnidate hydrochloride 
(217) was prepared from ethyl 2-cyanoacetate (216). by the standard Pinner synthesis 63 
and was then converted into the free base (218) using ethereal ammonia in an overall 
yield of 96 % from ethyl 2-cyanoacetate (216). Disappointingly however, reaction of 
the imidate (218) with 2-chloronitrobenzene (200) failed to furnish the desired imidate 
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(199) was formed as the only identifiable product. Formation of the cyano ester (199) 
is explicable by initial base-catalysed elimination of ethanol from ethyl 2-
ethoxycarbonylacetimidate (218) to give ethyl 2-cyanoacetate (216) followed by 
orthodox base-catalysed condensation of the latter with 2-chloronitrobenzene (200) to 
afford the observed cyano ester (199). 
In view of the failure to develop an improved synthetic strategy for the 
hydroxypyrazole (202) through the intermediacy of the imidate (214), it was next 
decided to attempt (Scheme 58) the substitution of 2-chloronitrobenzene (200) with 2-
ethoxycarbonylacetamidrazone in the form of its hydrochloride (220) in the hope of 
obtaining the amidrazone derivative (215). Cycisation of the latter should in theory 
lead to the direct formation of the hydroxypyrazole (202) of interest. The synthesis 
(Scheme 58) of 2-ethoxycarbonylacetimidrazone hydrochloride (220) was readily 
acheived by methodology previously used at Edinburgh 64. The known 
formylhydrazine was prepared in high yield by the method of Curtius rd a.  65 and 
condensed with the imidate (218) to afford the -formy1amidrazone (219) in good yield 
(79 %) as described by Mackie and Tennant 64. Deformylation of the latter by 
treatment with ethereal hydrogen chloride afforded the amidrazone as its hydrochloride 
salt (220) in quantitative yield. Unfortunately, the attempted reaction of amidrazone 
hydrochloride (220) with 2-chloronitrobenzene (200) in the presence of sodium hydride 
led only to a high recovery (78 %) of unreacted 2-chloronitrobenzene (200). 
Having thus far failed to achieve more efficient syntheses of the 
hydroxypyrazole (202) through either the intermediacy of the imidate (214) or the 
related amidrazone (215), attention was next directed (Scheme 59) to the attempted 
modification of the side-chain in ethyl 2-cyano-2-(2-nitrophenyl)acetate (199). 
Modification at the methine position was hoped to provide a potential hydroxypyrazole 
precursor capable of undergoing more efficient cydisation to the pyrazole. This 
approach was based on the assumption that the inefficient cydisation of the methyl or 
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• relatively unreactive enolate [(221) -* (222)]. Thus replacement of the acidic methine 
proton by a substituent which would not interfere with the initial pyrazole ring 
formation but which was subsequently capable of spontaneous extrusion to afford the 
hydroxypyrazole (202) might provide an improved route to the latter. The phenylazo 
derivative (223) was thus chosen for study and was readily prepared in high yield 
(91 %) by the reaction of benzenediazonium chloride with the ethyl cyano ester (199) in 
aqueous ethanol in the presence of sodium acetate. The phenylazo derivative (223) 
gave analytical and spectroscopic properties in full accordance with its assigned 
structure. Disappointingly though, attempted condensation of the phenylazo compound 
(223) with hydrazine resulted in cleavage of the phenylazo substituent to afford ethyl 2-
cyano-2-(2-nitrophenyl)acetate (199) in high yield (77 %). In view of the ease with 
which the phenylazo derivative (223) was cleaved by hydrazine, an attempt was now 
made to activate the nitrile function of the former by its conversion into the 
corresponding ethyl imidate derivative via acid catalysed solvolysis in ethanol. 
Unfortunately, treatment of the phenylazo compound (223) with ethanolic hydrogen 
chloride once again resulted in its quantitative conversion to the cyano ester (199). 
Similarly, attempts to hydrolyse the ester function of the phenylazo derivative (223) 
with a view to obtaining the corresponding carboxylic acid (223 ; OH for OEt) and 
hence the reactive acid chloride, (223 ; Cl for OEt) were unsuccessful. Treatment of the 
phenylazo compound (223) with aqueous acid or base merely resulted in cleavage of 
the azo-link to give the ethyl cyano ester (199) as the sole identifiable product. 
Since the relatively poor yield of aminohydroxypyrazole (202) obtained by the 
direct cycisation of the ethyl cyano ester (199) with hydrazine could not be readily 
improved upon, it was decided to use this method for the time being to allow the 
chemistry of this interesting pyrazole derivative to be investigated (Scheme 60). When 
3-amino-5-hydroxy-4(2nitrophenyl)..2Hpyrazo1e (202) was treated with acetic 
anhydride at 1000  the -acylated product, 3-acetamido-5-hydroxy-4-(2-nitrophenyl)-
















0 	 0 
(225) (226) 
Ac20, heat. 
2M NaOH, H20, heat. 
Scheme 60 
156 
formulated as such on the basis of its combustion analysis and spectroscopic 
properties. In particular, the carbonyl frequency of the acetyl group observed in the i.r. 
spectrum at 1690 cm- 1  is too low for a ring hi-acetyl or for an Q-acetyl substituent , 
in any case the latter is automatically excluded by the appearance of a broad hydroxyl 
absorbance at 3200-2500 cm -1 . Additional proof supporting the assigned N-acetamido 
structure (224) was obtained from its 1H n.m.r. spectrum, the chemical shift of the 
methyl group observed at 2.43 p.p.m. is too shielded for either a ring ti-acetyl or for 
an Q7acetyl substituent by analogy with published work on acylated 1 ,2,3-iriazole 
derivatives 66. Once again, the 2-tautomer was assigned by analogy to the reported 
stability of 3-amino-5-hydroxypyrazole as its 2-tautomer 58•  Heating the 
hydroxypyrazole (202) under reflux in 2M aqueous sodium hydroxide led to its smooth 
cycisation to 1-hydroxy-3H-pyrazolo[3,4-]cinnoline 5-N-oxide (225) in high yield 
(80 %). The tricyclic N-oxide's (225) formulation as such is based on its combustion 
analysis and spectroscopic absorbances. The lack of carbonyl absorption in the i.r. 
spectrum excludes the possible dihydropyrazolone tautomer (195) (Scheme 61), the 
assigned 311-tautomer was arbitrarily chosen by analogy to the hydroxypyrazole (202) 
precursor. To our knowledge, this is the first reported example of a derivative of the 
pyrazolo[3,4-ç]cinnoline ring system and as was indicated briefly in the introduction 
such molecules may have potential applications in the synthesis of 3,4-disubstituted 
cinnolines. 
Methylation (Scheme 61) of the pyrazolocinnoline N-oxide (225) using methyl 
iodide in the presence of sodium hydride afforded a good yield (57 %) of a product 
which is formulated as the 1-methoxy-3-N-methyl derivative (229) on the basis of its 
analytical and spectroscopic properties. In particular, it lacks a carbonyl absorption in 
the i.r. spectrum, hence the only possible structures are the 1-methoxy-2-N-methyl or 
1-methoxy-3--methyl isomers. The latter (229) was assigned by analogy with the 
parent pyrazolocinnoline N-oxide (225) and is supported by the essentially identical 
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compound (230) was also isolated, the presence of a carbonyl absorption in the i.r. 
spectrum of this compound in conjunction with other spectroscopic properties means 
that it can only have the structure shown (230). 
Acetylation (Scheme 60) of the pyrazolocinnoline N-oxide (225) could not be 
induced by its reaction with acetic anhydride at 100 0, however when a solution of the 
N-oxide (225) in acetic anhydride was heated under reflux a good yield (77 %) of the 
1-acetoxy-3-acetyl derivative (226) was formed. The structural assignment was based 
on combustion analysis and spectral absorbances, all of which fully supported the 
assigned structure. The appearance of only two carbonyl absrptions in the i.r. 
spectrum at 1770 and 1740 c& excludes the possibility of an N. N-diacetyl structure. 
The high frequency (1770 cm -1 ) carbonyl absorption in the infra-red and exceptionally 
deshielded nature of the methyl substituents in the 1H n.m.r. spectrum (2.75 and 2.63 
p.p.m.) both support 66  a 1-acetoxy N-acetyl structure. Its formulation as the 3-N-
acetyl compound (226) is once again by analogy to the parent pyrazolocinnoline N - 
oxide (225). 
In order to investigate (Scheme 62) the feasibility of preparing mono-substituted 
N-alkyl or N-arylhydroxypyrazole derivatives [(23 1) or (232)] as substrates for 
cydisation to the corresponding pyrazolocinnoline N-oxides the reaction of the ethyl 
cyano ester (199) with substituted hydrazine derivatives was also studied. Reaction of 
the cyano ester (199) with methylhydrazine under reflux in ethanol for 24 h. gave a low 
yield (13 %) of a product which analysed correctly and showed mass, i.r. and 1H 
n.m.r. spectral properties consistent with its formulation as either of the N-
methylpyrazole structures (23 1) or (233). The regioselectivity of this reaction is not 
easy to predict and the spectroscopic properties of the product do not allow for 
distinction between the two possible regioisomers (23 1) or (233). The N-
methylpyrazole product (231) obtained is therefore arbitrarily assignedthe 2-methyl 
structure (231) by analogy with the 2ff structure (202) assigned to the parent pyrazole. 
The major product (yield 49 %) of the reaction of the cyano ester (199) with 
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arises in an analogous fashion to that already discussed for its formation in the reaction 
of the cyano ester (199) with hydrazine (see before). The lack of available material due 
to the low yield of the N-methylpyrazole (23 1) precluded the investigation of its base-
catalysed cycisation to the corresponding pyrazolocinnoline hl-oxide derivative. Also 
the failure of the cyano ester (199) to react with phenylhydrazine in ethanol under reflux 
conditions likewise prevented investigation of the base-catalysed cyclisation of the N-
phenylpyrazole derivative (232). 
Returning now (Scheme 63) to the tricyclic pyrazolocinnoline 5-N-oxide (225), 
reduction with sodium dithionite in aqueous dimethylformamide cleanly afforded a 
product, in excellent yield (97 %), whose combustion analysis and mass, i.r. and 1H 
n.m.r. spectral properties were consistent with its formulation as the deoxygenated 
pyrazolocinnoline (234). In particular, the lack of carbonyl absorption in the is. 
spectrum indicated the compound to exist as the hydroxy tautomer. The 3Jj structure 
was arbitrarily assigned by analogy with the N-oxide (225) (see before). Since the 
pyrazolocinnoline hl-oxide (225) is capable of existing as the lactam tautomer (195), its 
potential reaction with nucleophiles such as hydrazine was of interest. It was hoped 
that reaction of the lactam with hydrazine monohydrate might cleave the lactam ring to 
afford a hydrazide derivative (235) which would then be amenable to further 
transformations to afford other 3,4-substituted cinnoline derivatives such as the 
quinone derivatives discussed in Chapters one and two. Disappointingly, treatment of 
the pyrazolo[3,4- ]cinnoline 5-N-oxide (225) with an excess of hydrazine resulted only 
in the formation of a hydrazinium salt from which the original starting material (225) 
was regenerated on treatment with dilute aqueous hydrochloric acid. 
The chemistry so far discussed in this chapter describes one example of a 
potentially general route to derivatives of the previously undescribed pyrazolo[3,4-
]cinnoline ring system. It was therefore of interest to investigate the scope of this 
novel pyrazolocinnoline synthesis (Scheme 64) using various readily available 2-
chloronitrobenzene derivatives (236) as starting materials. 
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The reaction (Scheme 64) of 4-chloro-3-nitrotoluene (236 a) with the ethyl 
cyano ester (199) in the presence of sodium hydride gave a high yield (83 %) of a 
compound whose analytical and spectral properties were consistant with the expected 
cyano 2-niirophenylacetate (237 a) together with some unreacted starting material 
(236 a) (11 %). The cyano ester (237 a) reacted smoothly with hydrazine monohydrate 
to afford the corresponding hydroxypyrazole derivative (238 a) in fair yield (53 %). 
The hydroxypyrazole (238 a) gave accurate mass analysis and i.r. and 1H n.m.r. 
spectral absorptions in agreement with its assigned structure. The hydroxypyrazole 
derivative (238 a) was cyclised on heating with 2M aqueous sodium hydroxide to 
afford the tricyclic pyrazolo[3,4-cjcinnoline 5 -N-oxide (239 a) in good yield (56 %), 
whose structure followed from its combustion analysis and spectral properties. A small 
amount (17 %) of the unreacted hydroxypyrazole (238 a) was also recovered. 
Dithionite reduction of the tricyclic N-oxide (239 a) afforded a high yield (77 %) of the 
deoxygenated compound (240 a) whose structure once again followed from accurate 
mass analysis and spectral characteristics. 
The successful synthesis of the methyl substituted pyrazolocinnoline N-oxide 
(239 a) and parent pyrazolocinnoline (240 a) demonstrates the ready extension of the 
synthetic route. However, owing to the relatively innocuous electronic nature of the 
methyl group this is not a good test of generality for the synthetic route. Attention was 
therefore focussed on the synthesis (Scheme 64) of the methoxy-substituted 
pyrazolocinnoline N-oxide (239 b) and the derived pyrazolocinnoline (240 b). Thus, 
reaction of the chloromethoxynitrobenzene (236 b) with ethyl 2-cyanoacetate afforded 
the corresponding cyano ester (237 b) in good yield (62 %) but in conjunction with a 
significant recovery (38 %) of unreacted chloromethoxynitrobenzene (236 b). The 
impaired efficiency of this condensation compared with those leading to the parent and 
methyl-substituted compounds (199) and (237 a) reflects the deactivation towards 
nucleophiic substitution caused by the electron donating methoxy group. 
Condensation of the cyano ester (237 b) with hydrazine proceeded in a similar yield to 
























N 	C; AcNH 
d; Cl 
NH 
/ 	e; CF3 
(240) 
Et02CCH2CN, NaH, DMF, 1000 
H2NNH2 . H20, EtOH, heat. 
2M NaOH, H20, heat. 
Na2S 204, DMF, H20, heat. 
Scheme 64 
methoxy-2-nitrophenyl)-2H-pyrazole (238 b) in moderate yield (38 %) together with 
unreacted cyano ester (237 b) (53 %). The hydroxypyrazole (238 b) gave combustion 
analysis and had spectral properties in full support of its assigned structure. 
Furthermore treatment of the hydroxypyrazole with aqueous sodium hydroxide under 
reflux conditions resulted in smooth cycisation of the hydroxypyrazole (238 b) to 
afford the corresponding tricyclic pyrazolocinnoline a-oxide (239 b) in fair yield 
(53 %). The _N-oxide (239 b) was cleanly deoxygenated in high yield (88 %) by the 
action of sodium dithionite in aqueous dimethylformamide to afford a compound whose 
combustion analysis and mass, i.r. and 1H n.m.r. spectral absorbances agreed with its 
formulation as 1-hydroxy-7-methoxy-3H-pyrazolo[3,4]cinnoline (240 b). 
An attempt (Scheme 65) to utilise the commercially available 5-amino-2-
chloronitrobenzene (241) as a starting material for pyrazolocinnoline synthesis was 
unsuccessful. The attempted base-catalysed condensation of the chloronitrobenzene 
derivative (241) with ethyl cyanoacetate gave only a high recovery (77 %) of the 
unreacted starting material. The failure of the chloro substituent in the 5-amino 
compound (241) to undergo nucleophilic aromatic substitution is probably due to a 
combination of the decreased lability of the chioro group and the possibility of proton 
abstraction by base at the amino substituent. In an attempt to circumvent these 
complications, the amino group was acetylated to afford the known 67 acetylamino 
derivative (236 c) in excellent yield (99 %). In contrast to the parent amine (241), the 
acetyl derivative (236 c) (Scheme 64) reacted smoothly with ethyl 2-cyanoacetate in the 
presence of sodium hydride to afford the cyano ester derivative (237 c) in good yield 
(61 %) in addition to some unreacted starting material (236 c) which was also recovered 
in 36 % yield. Condensation of the cyano ester derivative (237 c) with hydrazine gave 
the expected 4-(4-acetylamino2nitrophenyl)3.an o-5-hydroxy-2H-pyrazole (238 c), 
though only in moderate yield (42 %), together with unreacted cyano ester (237 c) 
(yield 36 %). The assigned structure of the hydroxypyrazole derivative (238 c) was in 
good agreement with its mass, i.r. and 1H n.m.r. spectral absorbances. Surprisingly 
165 
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however, the attempted cycisation of the hydroxypyrazole derivative (238 c) using 
aqueous sodium hydroxide yielded no identifiable materials. This is in contrast to the 
other examples of this cyclisation discussed above and is presumably due to the 
acetylamino substituent reacting under the hydrolytic conditions of the cydisation 
reaction. 
Having shown that the pyrazolocinnoline N-oxide synthesis could be readily 
extended to products containing electron-releasing substituents attention was next 
focussed on its application to the synthesis of pyrazolocinnoline N-oxides containing 
electron-withdrawing groups (Scheme 64). Thus the readily available 2,5-
dichloronitrobenzene (236 d) was treated with ethyl 2-cyanoacetate in the presence of 
sodium hydride to afford the corresponding cyano ester derivative (237 d) in excellent 
yield (97 %). This condensation is no doubt facilitated by the presence of the electron-
withdrawing chioro substituent para to the site of substitution. Reaction of the cyano 
ester derivative (237 d) with hydrazine afforded the hydroxypyrazole derivative (238 d) 
though in disappointing yield (14 %). In addition to the pyrazole (238 d), unreacted 
starting material (237 d) and 4-chloro-2-nitrophenylacetonitrile (237 d; H for CO 2Et) 
were also recovered in low yields (37 % and 16 % respectively). Combustion analysis 
and spectroscopic properties were in full accord with the assigned structures of both the 
pyrazole (238 d) and acetonitrile (237 d; H for CO 2Et) derivatives. The low yield of 
hydroxypyrazole (238 d) formation and the appearance of the acetonitrile derivative 
(237 d; H for CO2Et) in this reaction are presumably related to the situation of the 
electron-withdrawing chloro substituent para to the side-chain in the cyano ester 
compound (237 d). Electron-withdrawal by substituents in this position would be 
expected to both facilitate enolisation of the ester function and stabilise the anion 
derived from the acetonitrile derivative (237 d; H for CO 2Et). Thus facilitating 
extrusion of the anion from the tetrahedral intermediate initially formed by attack of 
hydrazine on the ester substituent of the cyano ester derivative (237 d). However, 
since much effort had already gone into solving the two problems outlined above, little 
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could be done to ameliorate them at this stage. The cyclisation of the hydroxypyrazole 
derivative (238 d) and deoxygenation of the resulting N-oxide (239 d) to afford the 
pyrazolocinnoline (240 d) were both accomplished without problems and in high yields 
(75 % and 63 % respectively). Both the —N-oxide (239 d) and the deoxygenated 
compound (240 d) gave combustion analysis and spectral properties in good agreement 
with their assigned structures. 
Our attention now turned (Scheme 64) to the potential incorporation of the 
strongly electron-withdrawing trifluoromethyl group into the overall pyrazolocinnoline 
N-oxide synthesis. The reaction of 4-chloro-3-nitrobenzotrifluoride (236 e) with ethyl 
2-cyanoacetate in the presence of sodium hydride was problematic affording the cyano 
ester derivative (237 e) in only moderate yield (44 %). The reason for the low yield of 
substitution product (237 e) in this reaction is surprising, particularly in view of the fact 
that the chioro substituent in the substrate (236 e) is doubly activated by both the nitro 
and the trifluoromethyl substituents to nucleophilic substitution. The presence of the 
electron-withdrawing trifluoromethyl group in a para. relationship to the side-chain in 
the cyano ester compound (237 e) was anticipated to cause problems with pyrazole 
formation and this was indeed found to be the case. Thus condensation of the cyano 
ester compound (237 e) with hydrazine monohydrate afforded the hydroxypyrazole 
derivative (238 e) in predictably poor yield (5 %) with unreacted starting material 
(237 e) being recovered unchanged in high yield (80 %). Cycisation of the 
hydroxypyrazole (238 e) was accomplished smoothly and in high yield (78 %) using 
aqueous sodium hydroxide to give a product whose combustion analysis and spectral 
properties were consistant with its formulation as the tricyclic N-oxide (239 e). 
Unfortunately due to the lack of available material the dithionite reduction of the N-
oxide (239 e) to afford the parent deoxygenated heterocycle (240 e) was not attempted. 
Problems were also encountered in the attempted synthesis (Scheme 66) of the 
corresponding pyrazolocinnoline N-oxide based on 1-chloro-2,4-dinitrobenzene (243) 
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methyl 2-cyanoacetate in the presence of sodium hydride affording the expected cyano 
ester derivative (244) in high yield (87 %). However treatment of the cyano ester with 
hydrazine under the usual conditions failed to give any of the desired hydroxypyrazole 
(245) only a high recovery (85 %) of the unreacted cyano ester (244) was obtained. 
This result is presumably once again due to the strongly electron-withdrawing influence 
of the nitro group suppressing the carbonyl reactivity of the ester substituent by 
facilitating its enolisation. 
In a further attempt to extend the scope of the pyrazolocinnoline N-oxide 
synthesis (Scheme 66), the readily available 2-chloro-3-nitropyridine (246) was 
smoothly converted into the cyano ester derivative (247) in high yield (69 %) by 
reaction with methyl 2-cyanoacetate in the presence of sodium hydride. However, 
when an attempt was made to condense the cyano ester (247) with hydrazine under the 
standard conditions, only unreacted starting material (247) was recovered in high yield 
(80 %). In contrast when a two fold excess of hydrazine monohydrate was employed 
in this reaction, the starting material (247) was converted into the corresponding 
acetonitrile derivative (248) in high yield (80 %). The acetonitrile derivative (248) gave 
combustion analysis and showed spectral absorbances in good agreement with its 
formulated structure. Its formation presumably occurs in an analagous manner to the 
formation (Scheme 52) of 2-nitrophenylacetonitrile (203) from the parent cyano ester 
(199) under identical conditions. An attempt to condense the cyano ester (247) with 
one equivalent of hydrazine monohydrate in refluxing diglyme merely resulted in 
intractable mixtures from which no identifiable products were obtained. 
At this point it occurred to us (Scheme 67) that if the malononitrile derivative 
(249) could be prepared then perhaps its condensation with hydrazine to afford the 
diaminopyrazole (250) would be less prone to result in side-chain degradation observed 
with the cyano ester derivatives. Unfortunately, attempts to prepare the malononitrile 
derivative (249) were unsuccessful. Thus an attempt to introduce the malononitrile 
side-chain into 2-chloronitrobenzene (200) directly by nucleophilic substitution gave 
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was considered to be possibly due to polymerisation of the anion derived from 
malononitrile. In a further attempt to prepare the malononitrile derivative (249) 
(Scheme 67), 2-nitrophenylacetonitrile (203) was first treated with base and then with 
cyanogen bromide. Once again however the above conditions resulted in only 
intractable mixtures. Our attempts to synthesise the malononitrile compound (249) 
were therefore abandoned and our attention now focussed on an investigation of the 
chemistry of the previously unknown 1 -hydroxy-311-pyrazolo[3,4-cJcinnoline 5-N- 
oxide (225) and its derivatives. 
Work by Ullman and Bartkus 68 has shown (Scheme 68) that 1,2-dihydro-3-
indazol-3-one (252) may be oxidatively cleaved by lead tetraacetate to afford derivatives 
of benzoic acid [e.g. (255)]. The mechanism of this unusual transformation (Scheme 
68) probably involves initial oxidation to afford the unstable indazol-3-one (253), 
followed by nucleophilic attack by methanol with concomitant extrusion of nitrogen 
from the resulting tetrahedral intermediate (254) to afford the ester (255). Since the 
hydroxypyrazolocinnoline (225) (Scheme 69) can also exist as the dihydropyrazolone 
tautomer (195), we now wished to investigate its behaviour towards oxidising agents in 
order to ascertain if an analogous oxidative ring scission to that discussed above could 
be induced in the N-oxide (225), thus affording a possible route to 3,4-functionalised 
cinnoline derivatives [e.g. (197)]. 
When a solution of the pyrazolocinnoline N-oxide (225) (Scheme 70) in 
pyridine was treated with activated manganese dioxide, the isolated product was an 
intractable high melting solid which defied characterisation. In contrast (Scheme 71), 
the use of aqueous hydrogen peroxide in acetic acid or in aqueous sodium hydroxide 
gave only the unreacted starting material (225) in each case. Similarly (Scheme 71), an 
attempted oxidative nitrosation of the pyrazolocinnoline (225) using ethyl nitrite in the 
presence of sodium ethoxide gave only a high recovery (68 %) of the unreacted starting 
material (225). However, the use of aqueous sodium hypochlonte as oxidant in 
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into cinnoline-4-carboxylic acid 1-N-oxide (259) in essentially quantitative yield 
(Scheme 72). The structure of this previously undescribed cinnoline derivative was 
fully substantiated by its combustion analysis and by its mass, i.r., 1H n.m.r. and 13C 
n.m.r. spectra. Further verification of the structure of cinnoline-4-carboxylic acid 1-i-
oxide (259) by its reduction (Scheme 73) to the parent cinnoline (260) was 
unsuccessful. Thus, attempted reduction with aqueous sodium dithionite or 
catalytically, with hydrogen over palladium-on-charcoal gave only intractable gums and 
oils which yielded no identifiable materials. Since the oxidative transformation of the 
pyrazolocinnoline N-oxide (225) into the cinnolinecarboxylic acid j-oxide (259) 
represents a novel and potentially general method for the synthesis of usefully 
functionalised cinnoline derivatives it was pertinent to investigate its scope (Scheme 73) 
with respect to the other pyrazolocinnoline N-oxides (239 a,b and d) made available by 
the present studies. In practice, each of the pyrazolocinnoline N-oxides (239 a,b and d) 
underwent smooth oxidative conversion by aqueous alkaline sodium hypochiorite into 
the corresponding cinnoline-4-carboxylic acid 1-N-oxides (262 a,b and d) in uniformly 
high yields (70 -90 %). The analytical and spectroscopic properties of the cinnoline 
derivatives (262 a,b and d) were fully in accord with their assigned structures. 
The studies thus far described in this chapter have been concerned with the 
synthesis of derivatives of the previously undescribed pyrazolo[3,4-cjcinnoline 
heterocyclic ring system and their utility in the synthesis of 4-substituted cinnoline 1-N-
oxide derivatives. Since the pyrazolo[3,4-]cinnoline ring system was hitherto 
unknown, it was of interest (Scheme 74) to attempt the synthesis of the parent 
heterocycle (263) and derivatives thereof, using the novel amino-nitro group 
condensation strategy. Retrosynthetic analysis (Scheme 74) of the target molecule 
(263) indicated 2-nitrophenylacetonitrile (203) to be a potential starting material. 
Formylation of this substrate followed by condensation of the resulting aldehyde (266) 
should afford an aminopyrazole derivative (265). Cyclisation of the aminopyrazole 
(265) followed by deoxygenation of the anticipated pyrazolocinnoline N-oxide (264) 
would be expected to afford the target heterocycle, 3H-pyrazolo[3,4- ]cinnoline (263). 
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Although the compound 2-nitrophenylacetonitrile (203) had been previously 
encountered in these studies (Scheme 51) as a by-product in the synthesis of the 
hydroxypyrazole derivative (202), for larger scale purposes the acetonitrile derivative 
(203) was prepared by the method of Rinderknecht et al. (Scheme 75). Thus 3-(2-
nitrophenyl)-2-oximinopropanoic acid (269) was prepared in modest yield (41 %) by 
the base-catalysed condensation of 2-nitrotoluene (267) with diethyl oxalate followed 
by hydrolysis and treatment of the resulting keto-ester (268) with hydroxylamine 
hydrochloride. Dehydration and decarboxylation of the a-oximino acid (269) was 
acheived by heating in glacial acetic acid to afford the nitrile (203) in good yield (85 
In an attempt (Scheme 75) to devise a more efficient route to the nitrile (203), 2-
niirobenzyl chloride (270) was treated with sodium cyanide in dimethylfonnamide. 
However, this reaction gave only complex intractable material with no evidence for the 
formation of the desired product (203). When the same reaction was attempted under 
phase transfer conditions there was still no evidence for formation of the nitrile (203) 
and so the original method of Rinderknecht et al. was employed for subsequent 
preparations of the nitrile (203). 
Initial attempts (Scheme 76) to formylate the acetonitrile derivative (203) using 
ethyl formate in the presence of base were unsuccessful, only intractable oils and gums 
being obtained. For this reason, attention now switched to the synthesis (Scheme 76) 
of the enaniine (271) which was anticipated to afford the required aldehyde (266) on 
hydrolysis. Prolonged (2.5 days) treatment (Scheme 76) of 2-nitrophenylacetonitrile 
(203) with one equivalent of N,N-dimethylformamide diethylacetal at room temperature 
in anhydrous dimethoxyethane gave the previously undescribed enamine (271), 1-
cyano-2-dimethylamino-1- (2-nitrophenyl)ethene (271) in acceptable yield (68 
Only one of the two possible stereoisomers was obtained and is shown arbitrarily as the 
(E)-configuration. Combustion analysis and i.r., 1H n.m.r. and mass spectra were all 
fully in accord with the assigned structure. Inferior yields of the enamine (27 1) were 
obtained when the mtrile (203) and the diethylacetal were heated in anhydrous 
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conditions. Thus, heating the enarnine (27 1) in aqueous dioxane left the starting 
material (27 1) unchanged. However, heating a solution of the enamine (27 1) in an 
ethanolic solution of 2M aqueous hydrochloric acid induced smooth hydrolysis to 
afford the hitherto undescribed aldehyde (266) in high yield (84 %). The aldehyde 
(266) gave analytical and spectroscopic properties in full agreement with its formulated 
structure. Interestingly, the 1H n.m.r. spectrum of the aldehyde (266) in 
deuteriochloroform revealed that in this particular solvent the compound was 
completely enolised. Preparation of the aldehyde (266) could also be effected from the 
nitrile (203) in a one pot procedure in which the crude enainine was hydrolysed by 
aqueous ethanolic hydrochloric acid. However using these conditions afforded the 
aldehyde (266) in only 24 % yield. 
The attempted conversion (Scheme 77) of the aldehyde (266) into the 
aminopyrazole derivative (265) by condensation with hydrazine was initially 
unsuccessful. When heated with one equivalent of hydrazine monohydrate in ethanol 
the aldehyde (266) was converted quantitatively into 2-nitrophenylacetoniirile (203). 
This transformation presumably involves deacylation via a tetrahedral intermediate 
(272) analogous to that discussed before (Scheme 52) in the case of the cyano ester 
derivative (199). In contrast (Scheme 77), heating the aldehyde (266) in aqueous 
ethanol with one equivalent of hydrazine dihydrochioride gave the expected 
aminopyrazole (265) in low yield (37 %) together with a significant amount (34 %) of 
the deformylated acetonitrile by-product (203). The structure of the aniinopyrazole 
derivative (265) follows from its combustion analysis and spectroscopic properties all 
of which fully supported its assigned structure. In an attempt (Scheme 78) to obtain an 
improved method for the synthesis of the aminopyrazole (265), the enamine (271) was 
heated with hydrazine monohydrate in ethanol. It was hoped that, under these 
conditions, the enamine (271) would afford the pyrazole derivative (265) directly either 
via reaction with hydrazine at the en amino moiety or via an amidrazone intermediate 
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isolation and subsequent treatment with acid. In practice, however, heating the 
enarnine (27 1) under refiux with hydrazine monohydrate in ethanol for ten hours gave, 
after work up, only a high recovery (95 %) of the unreacted starting material. As an 
alternative, it was anticipated that, under mildly acidic conditions, the enamine (271) 
would be rapidly hydrolysed in situ to afford the aldehyde (266) which would then be 
free to condense with hydrazine giving the aminopyrazole (265) hopefully in an 
improved yield. This indeed turned out to be the case. Thus when the enamine (271) 
was heated with hydrazine dihydrochioride in 70 % v, aqueous ethanol the 
aminopyrazole (265) was formed in good yield (49 %). This represents a distinct 
improvement on the previous two step synthesis which gave an overall yield of only 
31 %. It was also possible to synthesise the aminopyrazole (265) in an essentially one 
pot procedure from 2-nitrophenylacetonitrile (203). Thus heating the crude product 
from the reaction of the acetonitrile (203) with NN-dimethylformarnide diethylacetal 
with a solution of hydrazine dihydrochlonde in aqueous ethanol gave the pyrazole 
(265) in an overall yield of 32 %. 
The attempted base-.catalysed cydisation (Scheme 78) of 3-amino-4-(2-
nitrophenyl)-2j-pyrazole (265) to the corresponding pyrazolocinnoline N-oxide (264) 
was unsuccessful. Heating with either aqueous 2M aqueous sodium hydroxide or with 
sodium hydride in dimethylformamide in both cases led only to intractable products 
which yield no identifiable material. Unfortunately, lack of time precluded the 
investigation of other conditions for effecting the cyclisation [(265) - (264)]. 
With the aim of further exploiting the enarnine reactivity (Scheme 79) of 1- 
cyano-2-dimethylamino- 1-(2-nitrophenyl)ethene (27 1) for the synthesis of substrates 
(275 a or b) suitable for conversion into 3-amino-4-(2-nitrophenyl)-2H-pyrazole 
derivatives and hence by cyclisation of the latter the corresponding pyrazolocinnoline 
hi-oxides, its acylation reactions with acid chlorides were briefly investigated. 
However, attempts to acylate the enamine (271) with either acetyl chloride or benzoyl 
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unchanged in high yield. 
In a final attempt to develop a synthetic route to arninopyrazole derivatives 
appropriate for cycisation to the corresponding pyrazolocinnoline N-oxides, it was 
decided to investigate the synthesis (Scheme 79) of 2-benzoyl-2-(2-
nitrophenyl)acetonitrile (276) as a possible starting material. However, the obvious 
synthesis of this compound, by the sodium hydride catalysed condensation of 2-
chloronitrobenzene (200) with the known 69 benzoylacetonitrile was unsuccessful 
resulting only in a high recovery of the unreacted starting materials. In an alternative 
approach (Scheme 80) the attempted preparation of the a-cyanoketone derivative (276) 
by reaction of 2-nitrophenylacetonitrile (203) with benzoyl chloride in the presence of 
sodium hydride was also unsuccessful. However the product of this reaction [formed 
in moderate yield (55 %)] gave a combustion analysis and showed spectroscopic 
properties consistent with its formulation as the enol benzoate (279). Suitable crystals 
of this product could not be obtained for x-ray analysis and in the absence of the 
detailed structural evidence which this would have provided the compound is arbitrarily 
assigned the W)-configuration shown (Scheme 80). The formation of the enol 
benzoate derivative (279) is readily explained in terms of the intermediate formation of 
the required cyano-ketone (276) and its further reaction, via the enol form, with 
benzoyl chloride. In the hope of reversing this latter process in the presence of 
hydrazine, hence allowing the in situ formation of the cyano-ketone (276) and its 
cydisation to the aminopyrazole (277), the enol benzoate (279) was treated with 
hydrazine (Scheme 81). However, heating the enol benzoate (279) with hydrazine 
monohydrate in ethanol resulted in degradation of the starting material to afford 2-
nitrophenylacetonitrile (203) in high yield (93 %). This result may be rationalised in 
terms of the intermediate formation of the expected cyano-ketone (276), followed by its 
hydrolytic degradation to the niirile (203), rather than its condensation with hydrazine 
to afford the hoped-for pyrazole derivative (277). In contrast, when the enol benzoate 
(279) was heated with hydrazine dihydrochloride in ethanol for 17 h. the unreacted 
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only a small amount (6 %) of the nitrile (203). 
In a related process to that with benzoyl chloride, reaction (Scheme 82) of the 
acetomtrile (203) with one equivalent of ethoxalyl chloride in the presence of sodium 
hydride afforded, together with unreacted starting material (203) (46 %), a low yield 
(25 %) of a product which gave a combustion analysis and showed i.r. and 1H n.m.r. 
spectra supporting its formulation as the ester enol (281). Once again, in the absence of 
x-ray analytical data, the ester enol (28 1) is arbitrarily assigned as the (E)-stereomer 
(281). The use of two equivalents of ethoxalyl chloride in the reaction with 2-
nitrophenylacetonitrile (203) raised the yield of the ester enol (28 1) only marginally to 
38 %. It is not clear why base-catalysed reaction of the nitrile with ethoxalyl chloride 
results only in monoacylation to give the ester enol (28 1) whereas similar reaction with 
benzoyl chloride gave the diacylated product (279). 
In an attempt (Scheme 82) to effect the cyclisation of the ester enol (28 1) to the 
corresponding aminopyrazole, the former compound was heated under reflux with 
hydrazine monohydrate in ethanol. However as in the case of the enol benzoate (279) 
(Scheme 81) this reaction resulted only in degradation of the starting material (281) to 
give the acetonitrile derivative (203) in quantitative yield. Also isolated in low yield 
(13 %) was oxalic acid dihydrazide (282). Heating the ester enol with hydrazine 
dihydrochioride in ethanol was no more successful, 2-nitrophenylacetonitrile (203) 
being the sole isolated product formed in high yield (93 %). 
Studies of the base-catalysed cycisation of 3-aniino-4-(2-nitrophenyl)pyrazole 
derivatives unfortunately had to be terminated at this point due to lack of time. 
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Experimental Section 
General Expenmental Details 
For general experimental details see Chapter 2, page.83. 
4-Nitrophenvi 2-Cvanoacetate (209) 
4-Niirophenyl 2-cyanoacetate (209) was prepared by the reaction of 4-
nitrophenol (208) with 2-cyanoacetic acid in acetic anhydride as described by Desideri, 
Manna and Stein 60,  yield 29 %, m.p. 99-102 0 (lit., 60 100-101°), and was used 
without further purification. 
Ethyl 2-Ethoxvcarbonylacetiniidate Hydrochloride (217) 
The imidate hydrochloride (217) was prepared by the reaction of ethyl 
cyanoacetate (216) with ethanolic hydrogen chloride as described by Akpanisi and 
Tennant, 62  yield 97 %, m.p. 105-1060 (lit., 62  99-101 0) and was used without further 
purification. 
Ethyl 2-Ethoxycarbonylacetimidate (218) 
The imidate (218) was prepared by the reaction of ethyl 2-
ethoxycarbonylacetimidate hydrochloride (217) with ammonia in anhydrous ether, as 
described by Akpanisi and Tennant, 62,  to give an oil, yield 99 %, which was used 
without further purification. 
Formylhydrazine 
Formythydrazine was prepared by the reaction of ethyl formate with hydrazine 
monohydrate in ethanol as described by Curtius et al., 65  yield 88 %, m.p. 5 1-560 
(lit., 65  540) and was used without further purification. 
184 a/ 
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2-Ethoxycarbonvl-(1 -N-formyl)acetamidrazone (219) 
2-Ethoxycarbonyl-(1-,j-formy1)acetamidrazone (219) was prepared by the 
reaction of ethyl 2-ethoxycarbonylacetimidate (218) with formyl hydrazine in 
anhydrous ethanol as described by Mackie and Tennant, 64 yield 79 %, m.p. 110-113 0 
(lit., 64 1090) and was used without further purification. 
2-Ethoxycarbonylacetamidrazone Hydrochloride (220) 
2-Ethoxycarbonylacetamidrazone hydrochloride (220) was prepared by the 
reaction of 2-ethoxycarbonyl-(1-N-formyl)acetajniclrazone (219) with ethereal 
hydrogen chloride as described by Mackie and Tennant, 64 yield 100 %, m.p. 121-
127° (decomp.) (lit., 64 1120) and was used without further purification. 
5-Acetylarnino-2-chloronitrobenzene (236 c) 
A solution of 4-chloro-3-nitroaniine (241) (34.5 g; 0.2 mol) in glacial acetic 
acid (400 ml) was heated under reflux for 24 h. 
Evaporation of the mixture gave 5-acetylainino-2-chloronitrobenzene (236 c) 
(42.6 g; 99 %), m.p. 144-146 0 (lit., 67  1450), Dmax 3310 and 3260 (NH), 1670 
(C=O) and 1540 and 1380 (NO2) cm-1- 
The Reactions of 2-Chioronitroarenes with Stabilised Carbanions 
A stirred suspension of sodium hydride (5.3 g; 0.22 mol) in anhydrous 
dimethylformamide (100 ml) was treated dropwise at 0-10° (ice-bath) with a solution of 
the corresponding carbanion precursor (0.22 mol) in anhydrous dimethylformamide 
(50.0 ml). The mixture was removed from the ice-bath and stirred at room temperature 
for 15 min. then treated in one portion with a solution of the respective 2-
chioronitroarene (0.1 mol) in anhydrous dimethylformamide (50.0 ml). The resulting 
solution was then stirred at 1000  with exclusion of atmospheric moisture for 1 h. 
The cooled mixture was treated with water (20.0 ml) then worked up as 
185a 
described for the individual reactions below. 
The Attempted Reaction of 2-Chloronitrobenzene (200) with 
Benzoylacetonitrile in the Presence of Sodium Hydride 
The mixture from 2-chloronitrobenzene (200) and benzoylacetonitrile was 
evaporated then the residue was treated with water (100 ml). The resulting solution 
was acidified with 2M aqueous hydrochloric acid and extracted with methylene chloride 
to give a brown oil which was treated with 2M aqueous sodium hydroxide (100 ml) 
and extracted with methylene chloride to give unreacted 2-chloronitrobenzene (200) 
(63 %) identical (i.r. spectrum and t.l.c. in methylene chloride over silica) to an 
authentic sample. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with methylene chloride to give unreacted benzoylacetonitrile as a waxy 
solid (51 %), identical (i.r. spectrum and t.l.c. in methylene chloride over silica) to an 
authentic sample. 
Ethyl 2-Cyano-2-(2-nitrophenyl)acetate (199) 
The mixture from 2-chloronitrobenzene (200) and ethyl 2-cyanoacetate was 
evaporated and the residue treated with 2M aqueous sodium hydroxide (100 ml) then 
extracted with ether to give unreacted 2-chloronitrobenzene (200) as a yellow oil (8 %), 
identical (i.r. spectrum) to an authentic sample. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with methylene chloride to afford the known 57  ethyl 2-cyano-2-(2-
nitrophenyl)acetate (199) as a yellow oil (92 %), b.p. 1590 / 0.3 mmHg [lit., 57  139-
141° / 0.09 mmHg, m.p. 59600  (from MeOH)], Dmax 2230 (CN), 1750 (C=O) and 
1530 and 1350 (NO2) cm- 1, 8H  (CDC13) 8.24-8.11 (1H, m, ArH), 7.78-7.53 (3H, m, 
ArH), 5.61 (1H, s, CH), 4.26 (2H, q, J 7 Hz, CH 2) and 1.27 (3H, t, J 7 Hz, CH3). 
Found: C, 56.4; H, 4.3; N, 12.3 %; m, (El ms), 189 (M-OEt). 
Cii Hio N2 04 requires: C, 56.4; H, 4.3; N, 12.0 %; M, 234. 
186 a 
Methyl 2-Cvano-2-(2-nitrophenyl)acetate (207) 
The mixture from 2-chloroniirobenzene (200) and methyl 2-cyanoacetate was 
evaporated and the residue treated with 2M aqueous sodium hydroxide (100 ml) then 
extracted with ether to remove unreacted 2-chloronitrobenzene (200) (10 %) identified 
by comparison (i.r. spectrum) to an authentic sample. 
The aqueous mother liquor was acidified with 2M hydrochloric acid and 
extracted with methylene chloride to give a red oil which crystallised on standing to 
afford methyl 2-cyano-2-(2-nitrophenyl)acetate (207) (90 %), which formed colourless 
prisms, m.p. 57-580  (from benzene-light petroleum), Umax 2280 (CN), 1760 (C0) 
and 1530 and 1350 (NO 2) cm 1 , 8H  (CDC13) 8.21-8.16 (1H, m, ArH), 7.81-7.55 
(3H, m, AM), 5.67 (1H, s, CH) and 3.84 (3H, s, CR 3). 
Found: C, 54.3; H, 3.6; N, 12.7 % m, (FAB ms), 221 [(M+H)]. 
Cio H8 N2 _04 requires: C, 54.6; H, 3.6; N, 12.7 %; M, 220. 
The Attempted Reaction of 2-Chloronitrobenzene (200) and 4-Nitrophenyl 
2-Cyanoacetate (210) in the Presence of Sodium Hydride 
The mixture from 2-chloronitrobenzene (200) and 4-nitrophenyl 2-cyanoacetate 
(2 10) was evaporated and the residue treated firstly with water (50.0 ml) then with 2M 
aqueous sodium hydroxide (50 ml) and then extracted with methylene chloride. The 
resulting three phase mixture was filtered and the collected solid treated with 2M 
aqueous hydrochloric acid to afford 4-nitrophenol (208) (88 %), m.p. 109-111 0, 
identical (m.p. and i.r. spectrum) to an authentic sample; 
Evaporation of the methylene chloride extract gave 2-chloronitrobenzene (200) 
as an oil (47 %), identical (i.r. spectrum and t.l.c. in methylene chloride over silica) to 
an authentic sample. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with methylene chloride but gave no other identifiable material. 
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The Attempted Reaction of 2-Chloronitrobenzene (200) and Ethyl 2-
Ethoxycarbonylacetimidate (218) in the Presence of Sodium Hydride 
The mixture from 2-chloronitrobenzene (200) and ethyl 2-
ethoxycarbonylacetimidate (218) was evaporated and the residue treated firstly with 
water (50 ml) then with 2M aqueous sodium hydroxide (50 ml) and extracted with 
methylene chloride to give a dark oil whose t.l.c. in methylene chloride over silica 
showed it to contain predominantly the unreacted imidate (218) and was not further 
investigated. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with methylene chloride to give ethyl 2-cyano-2-(2-nitrophenyl)acetate 
(199) as a dark oil (62 %) identified by comparison (i.r. spectrum) to an authentic 
sample prepared before. 
The Attempted Reaction of 2-Chloronitrobenzene (200) with 2-
EthoxycarbonvlacetaniicJrazone Hydrochloride (220) in the Presence of Sodium 
Hydride 
The mixture from 2-chloronitrobenzene (200) and 2-
ethoxycarbonylacetamidrazone hydrochloride (220) was evaporated and the residue 
treated with 2M aqueous sodium hydroxide (100 ml) and extracted with methylene 
chloride to give unreacted 2-chloronitrobenzene (200) as a yellow oil (78 %), identical 
(i.r. spectrum) to an authentic sample. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with methylene chloride to give an oil which was combined with a second 
crop obtained by neutralising the aqueous acidic mother liquor with 2M aqueous 
sodium hydroxide and sodium acetate then extracting with methylene chloride. The 
resulting intractable oil yielded no identifiable material. 
iE:I:IFI 
Ethyl 2-Cvano-2-(4-methyl-2-nitrophenyl)acetate (237 a) 
The mixture from 4-chloro-3-nitrotoluene (236 a) and ethyl 2-cyanoacetate was 
evaporated and the residue treated with water (100 ml). The pH of the resulting 
solution was adjusted to between 10 and 11 with 2M aqueous sodium hydroxide and 
the mixture extracted with ether to afford unreacted 4-chloro-3-nitrotoluene (236 a) as a 
yellow oil (11 %), identical (i.r. spectrum and t.l.c. in methylene chloride over silica) to 
an authentic sample. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with methylene chloride to give ethyl 2-cyano-2-(4-methyl-2-
nitrophenyl)acetate (237 a) (83 %) as a brown oil b.p. 205-210 / 0.5 mmHg, 
lJmax 2240 (N), 1760 (C=O) and 1530 and 1350 (NO 2) cm', 6 (CDC13) 8.01-
7.98 (1H, m, ArH), 7.68-7.54 (2H, m, ArH), 5.57 (1H, s, CH), 4.27 (2H, q, 
J 7 Hz, CH2), 2.46 (3H, s, CH3). 
Found: C, 57.8; H, 4.8; N, 11.3 %; m, (El ms), 248 (M). 
C12 H12 N204 requires: C, 58.1; H, 4.9; N, 11.3 %; M, 248. 
Ethyl 2-Cyano-2-(4-methoxy-2-nitrophenyl)acetate (237 b) 
The mixture from 4-chloro-3-nitroanisole (236 b) and ethyl 2-cyanoacetate was 
evaporated and the residue treated with water (100 ml). The pH of the resulting 
solution was adjusted to between 10 and 11 by addition of 2M aqueous sodium 
hydroxide and then extracted with ether to give unreacted 4-chloro-3-niiroanisole 
(236 b) (39 %), m.p. 39-400 , identical (m.p. and i.r. spectrum) to an authentic sample. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with methylene chloride to give ethyl 2-cyano-2-(4-methoxy-2-
nitrophenyl)acetate (237 b) (62 %) as a dark oil bp. 248 0 / 0.2 mmHg, Dmax 2230 
(CN), 1750 (C=O) and 1530 and 1350 (NO2) cm-1, 8H  (CDC13) 7.70 (1H, d, 
Jmeta 2 Hz, ArH), 7.63 (1H, d, Jortho 9 Hz, AM), 7.22 (1H, dd, Jortho 9 Hz 
Jmeta 2 Hz, ArH), 5.23 (1H, s, CH), 4.28 (2H, q, J 7 Hz, CH2), 3.90 (3H, s, CH3 ) 
and (3H, t, J 7 Hz, CH3 ). 
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Found: C, 54.3; H, 4.5; N, 10.7 %; m, (El ms), 264 (Mt). 
C12HI2N205 recluires: C, 54.5; H, 4.5; N, 10.6 %; M, 264. 
The Attempted Reaction of 5-Amino-2-chloronitrobenzene (241) with Ethyl 
2-Cvanoacetate in the Presence of Sodium Hydride 
The mixture from 5-amino-2-chloronitrobenzene (241) and ethyl 2-cyanoacetate 
was evaporated and the residue treated with 2M aqueous sodium hydroxide and 
extracted with ether to afford unreacted 5-amino-2-chloronitrobenzene (241) (77 
m.p. 79-81 0 , identical (m.p. and i.r. spectrum) to an authentic sample. 
The alkaline aqueous mother liquor was acidified with 2M aqueous 
hydrochloric acid and extracted with ethyl acetate to give a dark oil whose t.l.c. in ethyl 
acetate over silica showed it to be a complex mixture which was not therefore further 
investigated. 
Ethyl 2-(4-Acetvlamino-2-nitrophenvl)-2-cyanoacetate (237 c) 
The mixture from 3-acetylamino-6-chloro-2-nitrobenzene (236 c) and ethyl 2-
cyanoacetate was evaporated and the residue treated with 2M aqueous sodium 
hydroxide (100 ml) then extracted with ether to obtain the unreacted starting material 
(236 c) (36 %), m.p. 141-143 0 , identical (m.p. and i.r. spectrum) to an authentic 
sample. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and the precipitated solid collected, washed with water and dried in vacuo to afford 
ethyl 2-(4-acetylamino-2-nitrophenyl)-2-cyanoacetate (237 c) (61 %) which formed 
off-white crystals, m.p. 161-162 0 (from ethyl acetate-light petroleum), Dmax 3360 
(NH), 1740 (C=O) and 1530 and 1350 (NO2) cm1, 8H [(CD 3 )2S0)] 10.55 (1H, s, 
NH) (exch.), 8.59 (1H, d, Jmeta 2 Hz, AM), 7.95 (1H, dd, Jmeta 2 Hz, Jortho 8 Hz, 
AM), 7.64 (1H, Jortho 8 Hz, ArH), 6.12 (1H, s, CH), 4.21 (2H, q, J 7 Hz, CH2) 
and 1.18 (3H, t, J 7 Hz, CH3 ). 
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Found: C, 53.0; H, 4.3; N, 14.1 %; m/ (El ms), 291.0854 (M). 
CIIH13 N3 05 requires: C, 53.6; H, 4.5; N, 14.4 %, M, 291.0855. 
(k) Ethyl 2-(4-Chloro-2-nitro2henvl)-2-cyanoacetate (237 d 
The mixture from 2,5-dichloronitrobenzene (236 d) and ethyl 2-cyanoacetate 
was evaporated and the residue treated with water (100 ml). The pH of the resulting 
solution was adjusted to between 10 and 11 by addition of 2M aqueous sodium 
hydroxide. Extraction with ether gave only an unidentifiable oil. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with methylene chloride to give ethyl 2-(4-chloro-2-nitrophenyl)-2-
cyanoacetate (237 d) (97 %) as an oil b.p. 195-200 0  / 0.01 mmHg, which slowly 
crystallised on standing to give colourless crystals, m.p. 81-82 0 (from light petroleum-
toluene), Umax 2230 (N), 1750 (C=0) and 1530 and 1360 (NO2) cm-1, 
oH (CDC13) 8.20-8.19 (1H, m, ArH), 7.72-7.24 (2H, m, ArH), 5.61 (1H, s, CH), 
4.39 (2H, q, J 7 Hz, CH2) and 1.30 (3H, t, J 7 Hz, CH 3). 
Found: C, 49.2; H, 3.4; N, 10.4 %; m, (El ms), 270 and 268 (M). 
Cii H9 Cl N2 04 requires: C, 49.2; H, 3.4; N, 10.4 %; M, 268.5 
(1) Ethyl 2-Cyano-2-(2-nitro-4-trifluouromethylphenyl)acetate (237 e 
The mixture from 4-chloro-3-nitrobenzoirifiuouride (236 e) and ethyl 2-
cyanoacetate was evaporated and the residue treated with 2M aqueous sodium 
hydroxide (100 ml). The resulting solution was washed with ether to remove unreacted 
starting material (236 e) and the aqueous mother liquor acidified with 2M aqueous 
hydrochloric acid then extracted with methylene chloride to give an oil which was 
flash-chromatographed over silica. 
Elution with methylene chloride-hexane (1:1) gave firstly an unidentified oil 
followed by ethyl 2-cyano-2-(2-nitro-4-triflouromethylphenyl)acetate (237 e) (44 
which formed colourless needles, m.p. 58590  (from benzene-light petroleum), 
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lJmax 1740 (C=O) and 1505 and 1350 (NO 2) cm', & (CDC1 3) 8.46-8.45 (1H, m, 
ArH), 7.99-7.97 (2H, m, ArH), 5.74 (1H, s, CH), 4.30 (2H, q, J 7 Hz, CH 2), and 
1.32 (3H, t, J 7 Hz, CH3 ). 
Found: C, 47.4; H, 2.9; N, 9.5 %; mi (El ms), 302 (M). 
C12 H9 F3 N2 04 requires: C, 47.7; H, 3.0; N, 9.3 %; M, 302. 
Further elution with methylene chloride through ethyl acetate to methanol gave 
only small amounts of intractable gums and oils which were not further investigated. 
(m) Methyl 2-Cvano-2-(2,4-Dinitrophenyl)acetate (244) 
The mixture from 1-chloro-2,4-dinitrobenzene (243) methyl 2-cyanoacetate was 
evaporated and the residue treated with water (100 ml) and extracted with methylene 
chloride to give only a complex multicomponent oil from which no identifiable material 
could be obtained. 
Acidification of the alkaline aqueous mother liquor with 2M aqueous 
hydrochloric acid followed by extraction with methylene chloride gave an orange oil 
which was flash-chromatographed over silica. 
Elution with hexane-methylene chloride (1:1) gave methyl 2-cyano-2-(2,4-
dinitrophenyl)acetate (244) (87 %), as an oil which decomposed on attempted 
Kugelrohr distillation, l)max 2230 (C:—=N), 1750 (C=O), and 1530 and 1350 
(NO2) cm-1,  6H (CDC13) 9.04 (lH, d, Jmeta 2 Hz, AM), 8.59 (1H, dd, Jortho 8 Hz 
and Jmeta 2 Hz, ArH), 8.04 (1H, d, Jortho 8 Hz, AM), 5.81 (1H, s, CH) and 3.88 
(3H, s, CH3). 
Found: C, 44.9; H, 2.9; N, 14.5 %; m, (FAB ms), 266 [(M+H)]. 
Cto H7 N3 06 requires: C, 45.3; H, 2.6; N, 15.9 %; M, 265. 
(n) Methyl 2-Cyano-2-(3-nitropd-2yflacemte (247) 
The mixture from 2-chloro-3-nitropyridine (246) and methyl 2-cyanoacetate 
was evaporated and the residue treated with water (100 ml) then extracted with ethyl 
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acetate to give an oily red semi-solid whose t.l.c. in methylene chloride over silica 
showed it to be a complex mixture which was not further investigated. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and the precipitated solid collected, washed with water and dried in vacuo to afford 
methyl 2-cyano-2-(3-nitropyrid.2-yl)acetate (247) (69 %) which formed orange 
needles, m.p. 187-189 0 (from glacial acetic acid) (lit., 71  m.p. 187-1890), Dmax 2200 
(cN), 1630 (C=O) and 1520 and 1360 (NO 2) cm, ö [(CD 3)2S0] 8.50-8.34 (2H, 
m, AM), 7.10-7.01 (1H, m, AM) and 3.74 (3H, s, CH 3 ). 
Found: C, 48.6; H, 3.2; N, 18.8 %; mi (El ms), 221 (M). 
C9 Hi N3 04 requires: C, 48.9; H, 3.2; N, 19.0 %; M, 221. 
(o) The Attempted Reaction of 2-Chloronitrobenzene (200) with Malononitrile 
in the Presence of Sodium Hydride 
The mixture from 2-chloronitrobenzene (200) and malononitrile was evaporated 
and the residue treated with 2M aqueous sodium hydroxide (100 ml) and extracted with 
methylene chloride to give a small amount of red oil whose t.l.c. in methylene chloride 
over silica showed it to be a multicomponent mixture which was not further 
investigated. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with methylene chloride to afford a red coloured oil which was flash-
chromatographed over silica. 
Elution with methylene chloride through ethyl acetate to methanol gave only a 
series of multicomponent oils and gums which yielded no identifiable material. 
The Attempted Hydrolysis of Methyl 2-Cyano-2-(2-nitrophenyl')acetate (207) with 2M 
Aqueous Sodium Hydroxide 
(a) At mom temperature 
A solution of methyl 2-cyano-2-(2-niirophenyl)acetate (207) (1.1 g, 0.005 mol) 
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in 2M aqueous sodium hydroxide (5.0 ml) was stirred at room temperature for 1 h. 
The resulting solution was acidified with 2M aqueous hydrochloric acid and 
extracted with methylene chloride to give the unreacted starting material (207) (0.9 g; 
81 %) as a red oil, identical (i.r. spectrum) to an authentic sample prepared before. 
At  500  
Repitition of the reaction described in (a) above, but at 500 for 1 h gave, after 
the usual work-up only unreacted methyl 2-cyano-2-(2-nitrophenyl)acetate (207) as a 
red oil (0.91 g; 83 %), identical (i.r. spectrum) to an authentic sample prepared before. 
Under reflux 
Repetition of the reaction described in (a) before but under reflux for 1 h gave a 
mixture which was cooled and diluted with water (5.0 ml) then extracted with 
methylene chloride to give an intractable gum (0.33 g) whose t.l.c. in methylene 
chloride over silica showed it to be a multicomponent mixture which was not further 
investigated. 
The basic mother liquor was acidified with 2M aqueous hydrochloric acid and 
the precipitated solid collected (0.23 g), 'M.P. 136-1400, whose t.l.c. in ether over 
silica showed it to be a complex mixture which yielded no identifiable material. 
The acidic mother liquor was neutralised with 2M aqueous sodium hydroxide 
and sodium acetate then continuously extracted with methylene chloride for 17 h, 
however no further material was obtained. 
The Attempted Reaction of 2-Nitrophenylacetonitrile (203' with Cvanogen Bromide in 
the Presence of Sodium Hydride 
A stirred suspension of sodium hydride (0.48 g; 0.02 mol) in anhydrous 1,2-
dimethoxyethane (10.0 ml) was treated dropwise at 0-10 0  (ice bath) with a solution of 
2-nitrophenylacetonitrile (203) (3.2 g; 0.02 mol) in anhydrous 1,2-dimethoxyethane 
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(20.0 ml). The mixture was removed from the ice bath and stirred at room temperature 
for 15 mm. then treated in a single portion with a solution of cyanogen bromide (2.1 g; 
0.02 mol) in anhydrous 1,2-dimethoxyethane (20.0 ml). The mixture was then stirred 
at room temperature with exclusion of atmospheric moisture for 17 h. 
The resulting mixture was treated with water (2.0 ml) then evaporated. The 
residue was treated with water (20.0 ml) and extracted with ethyl acetate to give a black 
glass (3.1 g) whose t.l.c. in ether over silica showed it to be an unresolvable 
multicomponent mixture which was not further investigated. 
3-Amino-5-hvdroxv-4-(2-nitroarvl)-2H-12yrazoles 
(a) A solution of the corresponding ethyl or methyl 2-cyano-2-nitroaiyl 
derivative (0.02 mol) and hydrazine monohydrate (1.0 g; 0.02 mol) in ethanol 
(50.0 ml) was heated under reflux for 1 h then worked up as described for the 
individual reactions below. 
(i) 3-Amino-5-hvdroxy-4(2nitrophenyfl2Hpyrazo1e (202) 
The mixture from ethyl 2-cyano-2-(2-nitrophenyl)acetate (199) was evaporated 
and the residue treated with 2M aqueous hydrochloric acid and extracted with 
methylene chloride to afford the unreacted starting material (199) (42 %) as a brown 
oil, identical (i.r. spectrum) to a sample prepared previously. 
The acidic aqueous mother liquor was neutralised with 2M aqueous sodium 
hydroxide and sodium acetate. The precipitated solid was collected to afford 3-amino-
5-hydroxy-4-(2-nitrophenyl)-2H-pyrazole (202) (37 %) which formed yellow crystals 
of a monohydrate, m.p. 176-178 0  (from ethanol), Dmax 3440 and 3320 (NH), 3200-
2500 (br) (OH), 1630 (NO2) cm-1, & [(CD 3)2S0] 10.08 (2H, brs, OH and NH) 
(exch.). 
Found: C, 45.5; H, 4.2; N, 23.5 %; mlz  (El ms), 220 (M-H20). 
C9 H8 N4 02. H2 0 requires: C, 45.4; H, 4.2; N, 23.5 %; M, 238. 
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Further workup of the aqueous mother liquor gave no other identifiable 
material. 
(238 a) 
The mixture from ethyl 2-cyano-2-(4-methyl-2-nitrophenyl)acetate (237 a) was 
evaporated and the residue was treated with 2M aqueous hydrochloric acid and 
extracted with methylene chloride to give an intractable oil which yielded no 
identifiable material. 
The aqueous mother liquor was neutralised by the addition of 2M aqueous 
sodium hydroxide and glacial acetic acid and the precipitated orange solid collected, 
washed with water and dried in vacuo to afford 3-aEnino-5-hydroxy-4-(4-methyl-2-
nitrophenyl)-2H-pyrazole (238 a) (53 %), which formed orange crystals, m.p. 121-
124° (with resolidification and remelting at 211-213 0) (from ethanol), l)max 3460 and 
3340 (NH), 3240-2500 br (OH), 1650 (C=N), and 1530 and 1350 (NO 2 cm-1 , 
8H [(CD3)2S0} 9.02 (2H, bra, NH and OH) (exch.), 7.65-7.64 (1H, m, AM), 7.40-
7.38 (2H, m, ArH), 6.05 (2H, brs, NH 2) (exch.) and 2.36 (3H, s, CH3 ). 
Found: m,  (El ms), 234.0755 (M). 
Cto Hio N4 03 requires: M, 234.0753. 
Further workup of the aqueous mother liquor gave no other identifiable 
material. 
3-Amino-5-hvdroxv-4-(4methoxy2nitropheny1).2m12wazo1e (238 b) 
The mixture from ethyl 2-cyano-(4-methoxy-2-nitrophenyl)acetate (237 b) was 
evaporated and the residue treated with 2M hydrochloric acid then extracted with 
methylene chloride to give the unreacted starting material (237 b) as an oil (53 %), 
identical (i.r. spectrum and, t.l.c. in methylene chloride over silica) to an authentic 
sample. 
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The aqueous mother liquor was neutralised by the addition of 2M aqueous 
sodium hydroxide and glacial acetic acid. The precipitated solid was collected, washed 
with water and dried in vacuo to afford 3-amino-5-hydroxy-4-(4-methoxy-2-. 
nitrophenyl)-2,H-pyrazole (238 b) (38 %), m.p. 222-2240 (from water), 'Umax 3460, 
3410 and 3360 (NH), 3200-2500 br (OH), 1620 (C=N), and 1520 and 1350 (NO 2) 
CM-1, 8 [(CD3)2SO] 7.49-7.42 (1H, m, ArH), 7.35-7.17 (2H, m, ArH), 6.95 (2H, 
brs, NH2) (exch.), 3.85 (3H, s, CH3) and 3.32 (1H, brs, OH) (exch.). 
Found: C, 47.7; H, 4.0; N, 22.6 %; /z (El ms), 250 (M). 
Cio Hio N4 04 requires: C, 48.0; H, 4.0; N, 22.4 %; M, 250. 
(iv) 4-(4-Acetvlan1ino-2-nitrophenvfl-3-amino-5-hvdroxy2H-pyrazo1e (238 c) 
The mixture from ethyl 2-(4-acetamido-2-nitrophenyl)-2-cyanoacetate (237 c) 
was evaporated and the residue treated with 2M aqueous hydrochloric acid and 
extracted with methylene chloride to give the unreacted starting material (237 c) 
(34 %), m.p. 114-1160 , identical (m.p. and i.r. spectrum) to an authentic sample 
prepared before. 
The acidic aqueous mother liquor was neutralised by addition of 2M aqueous 
sodium hydroxide and glacial acetic acid. The precipitated solid was collected, washed 
with water and dried in vacuo to afford 4-(4-acetylamino-2-nitrophenyl)-3-amino-5-
hydroxy-2jj-pyrazole (238 c) (42 %), m.p. 210-2120 (from glacial acetic acid-water), 
Umax 3400 and 3350 (NH), 3200-2500 br (OH), 1680 (C=O), 1630 (C=N) and 1530 
and 1350 (NO2) cm-1 , 8H  [(CD3)2S0] 10.28 (1H, s, NH) (exch.), 8.80 (2H, brs, OH 
and NH) (exch.), 8.21 (1H, d, Jmeta 2 Hz, ArH), 7.67 (1H, dd, Jortho 8 Hz and 
Jmeta 2 Hz, ArH), 7.39 (1H, d, Jortho 8 Hz, ArH), 6.16 (2H, s, NH 2) (exch.) and 
2.07 (3H, s, CH3 ). 
Found: m/  (FAB ms), 278.0898 [(M+H)]. 
Cii Hii N5 _ 04 requires: M, 277.0898. 
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The aqueous mother liquor was extracted with methylene chloride to give a gum 
which was washed with ether to afford a second crop of unreacted starting material 
(237 c) (2 %), identical (m.p. and i.r. spectrum) to an authentic sample. 
(v) 3-Amino-4-(4-chloro-2-nitrophenyfl5hydroxy2Hpyrazo1e (238 d) 
The mixture from ethyl 2-(4-chloro-2-nitrophenyl)-2-cyanoacetate (237 d) was 
cooled, evaporated and the residue treated with 2M aqueous hydrochloric acid and 
extracted with ethyl acetate. The resulting three phase mixture was filtered and the 
collected yellow solid washed with water and dried in vacuo to afford 3-amino-4-(4-
chloro-2-nitrophenyl)-5-hydroxy-2H-pyrazole (238 d) (14 %), which formed orange 
crystals of a monohydrate, m.p. 132-135 0 (with resolidification and remelting at 219-
221°) (from water), Dmax 3480 and 3320 (NH), 3200-2500 br (OH), 1620 (C=N) and 
1530 and 1350 (NO2) cm1, 6H [(CD 3)2SO] 9.20 (2H, brs, NH and OH) (exch.), 
7.89 (1H, d, Jmeta 2 Hz, ArH), 7.61 (1H, dd, Jortho 8 Hz and Jmeta 2 Hz, ArH), 7.48 
(1H, d, Jortho 8 Hz, ArH) and 6.26 (2H, bra, NH2) (exch.). 
Found: m,  (El ms) 256.0177 and 254.0182 (Mt). 
C9 H7 Cl N4 03 requires: M, 256.0177 and 254.0207. 
Evaporation of the ethyl acetate mother liquor gave a semi-solid which was 
triturated with ether to give 4-chloro-2-nitrophenylacetonitrile (237 d; H for CO2Et) 
(16 %), m.p. 86-870 (from ethyl acetate-light petroleum), )max 2270 (N) and 1520 
and 1360 (NO2) cm, 6H (CDC1 3) 8.18-8.15 (1H, m, ArH), 7.69-7.67 (2H, m, ArH) 
and 4.16 (211, s, 	2) 
Found: C, 48.8; H, 2.5; N, 14.2 %; m, (El ms), 198 and 196 (M). 
C8 H5 Cl N2 02 requires: C, 48.9; H, 2.5;' N, 14.3 %; M, 196.5. 
The ether filtrate was evaporated and the residual oil combined with oily 
material obtained by neutralisation of the aqueous mother liquor with 2M aqueous 
sodium hydroxide and glacial acetic acid followed by extraction with ethyl acetate to 
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give unreacted starting material (237 d) (37 %), identical (t.l.c. in methylene chloride 
over silica) to an authentic sample. 
(vi) 3-Amino-5-hydroxy-4-(2-ni 4-trifluouromethvlphenyl)-2H...pyrazole (238 e 
The mixture from ethyl 2-cyano-2-(4-trifluouromethyl-2-nitrophenyl)acetate 
(237 e) was treated with 2M aqueous hydrochloric acid and extracted with methylene 
chloride to give the unreacted starting material (237 e) as a yellow oil (82 %), identical 
(i.r. spectrum and t.1.c. in methylene chloride over silica) to an authentic sample 
prepared before. 
The acidic aqueous mother liquor was neutralised with 2M aqueous sodium 
hydroxide and glacial acetic acid. The precipitated orange coloured solid was collected, 
washed with water and dried in vacuo to afford 3-amino-5-hydroxy-4-(2-nitro-4-
trifluormethylphenyl)-2H-pyrazole (238 e) (5 %), m.p. 238-2390 (from ethanol-water), 
imax 3600, 3470 and 3340 (NH), 3230-2500 br (OH), 1630 (C=N), and 1530 and 
1340 (NO2) cm-1,  6H [(CD3)2S0] 9.38 (1H, brs, NH or OH) (exch.), 8.12 (1H, d, 
Jmeta 1 Hz, ArH), 7.92 (1H, dd, Jortho 8 Hz and Jmeta 1 Hz, ArH), 7.73 (1H, d, 
Jortho 8 Hz, ArH) and 6.51 (2H, bra, NH 2) (exch.). 
Found: C, 41.6; H, 2.5; N, 19.5 %; m, (El ms), 288 (M). 
Cio H7 F3 N4 03 requires: C, 41.7; H, 2.4; N, 19.4 %; M, 288. 
Further workup of the aqueous mother liquor gave no other identifiable 
material. 
(b) Using excess hydrazine monohydrate 
A solution of ethyl 2-cyano-2-(2-nitrophenyl)acetate (199) (4.7 g; 0.02 mol) 
and hydrazine monohydrate (1.0 g; 0.02 mol) in ethanol (50.0 ml) was heated under 
reflux for 2 h. Further hydrazine monohydrate (1.0 g; 0.02 mol) was then added and 
heating continued for a further 1 h. 
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The mixture was cooled and evaporated and the residue treated with 2M 
aqueous hydrochloric acid (25.0 ml) then extracted with methylene chloride to give a 
waxy semi-solid (1.6 g) which on trituration with ether afforded 2-
mtrophenylacetonitrile (203) (1.1 g; 33 %), m.p. 79-820, identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
Evaporation of the ethereal mother liquor gave the unreacted starting material 
(199) (0.39 g; 8 %) as an oil, identified by comparison (i.r. spectrum and t.l.c. in 
methylene chloride over silica) with an authentic sample. 
The aqueous mother liquor was neutralised with 2M aqueous sodium hydroxide 
to give the aminopyrazole (202) (2.1 g;  48 %), m.p. 174-1760 , identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
At room temperature 
A solution of ethyl 2-cyano-2-(nitrophenyl)acetate (199) (0.94 g;  0.004 mol) 
and hydrazine monohydrate (0.20 g; 0.004 mol) in ethanol (10.0 ml) was stirred at 
room temperature for 24 h. 
The mixture was evaporated and the residue treated with 2M aqueous 
hydrochloric acid (5.0 ml) and extracted with methylene chloride to give the unreacted 
starting material (199) as a yellow oil (0.4 g;  43 %), identical (i.r. spectrum) to an 
authentic sample. 
The aqueous mother liquor was neutralised with 2M aqueous sodium hydroxide 
and glacial acetic acid. The precipitated solid was collected, washed with water and 
dried in vacuo to afford the aminopyrazole (202) (0.24 g; 27 %), m.p. 175-1770, 
identical (m.p. and i.r. spectrum) to an authentic sample prepared before. 
Using the methyl ester (207) 
A solution of methyl 2-cyano-2-(2-nitrophenyl)acetate (207) (6.6 g; 0.03 mol) 
and hydrazine monohydrate (1.5 g; 0.03 mol) in ethanol (30.0 ml) was heated under 
'AsIi] 
reflux for 1 h. 
The mixture was evaporated and the residue treated with 2M aqueous 
hydrochloric acid and extracted with - methylene chloride to give the unreacted starting 
material (207) as a yellow oil (2.3 g; 34 %), identical (i.r.spectrum) to an authentic 
sample. 
The acidic aqueous mother liquor was neutralised with 2M aqueous sodium 
hydroxide and sodium acetate. The precipitated solid was collected, washed with water 
and dried in vacuo to give 3-amino-5-hydroxy-4-(2-nitrophenyl)-2H-pyrazole (202) 
(3.9 g; 60 %), m.p. 172-174 0 , identical (m.p. and i.r. spectrum) to an authentic sample 
prepared before. 
Extraction of the neutral aqueous mother liquor with ethyl acetate afforded no 
further material. 
The Attempted Reaction of Ethyl 2-Cyano-2-(2-nitronhenyl)acetate (199) with 
Hydrazine Monohydrate in Acetic Acid 
A solution of ethyl 2-cyano-2-(2-nitrophenyl)acetate (199) (0.47 g; 0.002 mol) 
and hydrazine monohydrate (0.10 g; 0.002 mol) in glacial acetic acid (10.0 ml) was 
heated under reflux for 1 h. 
The mixture was cooled, evaporated and the residue treated with 2M aqueous 
hydrochloric acid (5.0 ml) then extracted with methylene chloride to give the unreacted 
starting material (199) as a golden brown oil (0.45 g; 96 %), identical (i.r. spectrum) to 
an authentic sample. 
The attempted Reaction of Ethyl 2-Cyano-2-(2-nitrophenyflacetate (199) with 
Hydrazine Dihydrochioride 
A suspension of hydrazine dihydrochloride (0.42 g; 0.004 mol) and sodium 
carbonate (0.42 g; 0.004 mol) in anhydrous ethanol (25.0 ml) was treated with a 
solution of ethyl 2-cyano-2-(2-nitrophenyl)acetate (199) (0.94 g; 0.004 mol) in 
anhydrous ethanol (10.0 ml) and the mixture was stirred at room temperature with 
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exclusion of atmospheric moisture for 24 h. 
The mixture was evaporated and the residue treated with water (10.0 ml) and 
extracted with methylene chloride to give unreacted ethyl 2-cyano-2-(2-
niirophenyl)acetate (199) as an oil (0.83 g; 88 %), identical (i.r. spectrum and t.1.c. in 
methylene chloride over silica) to an authentic sample. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with methylene chloride to give an oil (0.06 g) whose t.1.c. in methylene 
chloride over silica showed it to be a multicomponent mixture containing further 
unreacted starting material (199) which was not further investigated. 
The Attemnted Reaction of Methyl 2-Cyano-2-(2,4-dinitrophenyl)acetate (243) with 
Hydrazine Monohydrate 
A solution of methyl 2-cyano-2-(2,4-dinitrophenyl)acetate (243) (0.53 g; 
0.007 mol) and hydrazine monohydrate (0.1 g; 0.002 mol) in ethanol (10.0 ml) was 
heated under reflux for 1 h. 
The mixture was evaporated and the residue treated with 2M aqueous 
hydrochloric acid (4.0 ml) then extracted with methylene chloride to give the unreacted 
methyl 2-cyano-2-(2,4-dinitrophenyl)acetáte (243) (0.45 g; 85 %), identical 
(i.r.spectrum and t.l.c. in methylene chloride over silica) to a sample prepared 
previously. 
The Attempted Reactions of Methyl 2-Cyano-2-(3-nitropvrid-2-yl)acetate (247') with 
Hydrazine Monohydrate 
(a) A solution of methyl 2-cyano-2-(3-nitropyrid-2-yl)acetate (247) (0.44 g; 
0.002 mol) and hydrazine monohydrate (0.10 g; 0.002 mol) in ethanol (25.0 ml) was 
heated under reflux for 1 h. 
The mixture was cooled and evaporated and the residue treated with 2M 
aqueous hydrochloric acid (4.0 ml). The insoluble material was collected, washed with 
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water and dried in vacuo to give the unreacted starting material (247) (0.35 g; 80 %), 
m.p. 161-1640, identical (m.p. and i.r. spectrum) to an authentic sample prepared 
before. 
The aqueous mother liquor was neutralised with 2M aqueous sodium hydroxide 
and glacial acetic acid then extracted with ethyl acetate to give a negligable quantity of 
gum (0.04 g) which was not further investigated. 
A solution of methyl 2-cyano-2-(3-nitropyrid-2-yl)acetate (247) (0.44 g; 
0.002 mol) and hydrazine monohydrate (0.20 g; 0.004 mol) in ethanol (10.0 ml) was 
heated under reflux for 1 h. 
The mixture was evaporated and the residue treated with 2M aqueous 
hydrochloric acid. The precipitated solid was collected, washed with water and dried 
in vacuo to give 3-nitropyrid-2-ylacetonitrile (248) (0.26 g; 80 %), m.p. 99-101 0  (from 
water), ljmax 2220 (N) and 1540 and 1360 (NO2) cm- 1, oH (CDC13), 8.91 (1H, dd, 
Jortho 5 Hz and Jmeta 2 Hz, ArH), 8.57 (1H, dd, Jortho 7 Hz and Jmeta 2 Hz, AM), 
7.70 (1H, dd, Jortho 7 Hz and 5 Hz, AM) and 4.63 (2H, s, CH2). 
Found: C, 51.2; H, 3.0; N, 25.6 %; m, (El ms), 163 (M). 
Ci H5 N3 02 requires: C, 51.5; H, 3.1; N, 25.8 %; M, 163. 
Further workup of the aqueous mother liquor gave only a small amount of an 
orange semi-solid (0.05 g) which was not further investigated. 
A solution of methyl 2-cyano-2-(3-nitropyrid-2-yl)acetate (247) (0.44 g; 
0.002 mol) and hydrazine monohydrate (0.1 g; 0.002 mol) in anhydrous diglyme (2- 
methoxyethyl ether) (5.0 ml) was heated under reflux for 1 h. 
The mixture was filtered to remove some insoluble material then evaporated to 
give a dark oil (0.61 g) whose t.1.c. in methylene chloride over silica showed it to be a 
multicomponent mixture which yielded no identifiable material. 
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Ethyl 2-Cvano-2-(2-nitrophenvl)-2-(phenylazo)acetate (223) 
Redistilled aniline (6.2 g; 0.066 mol) was dissolved in 5M aqueous 
hydrochloric acid (33.0 ml; 0.165 mol) and the resulting solution cooled to 0-50 (ice-
salt bath) then treated dropwise with a solution of sodium nitrite (5.0 g; 0.072 mol) in 
water (15.0 ml) at such a rate that the temperature was <5°. The mixture was stirred at 
0-50 for 5 mm. then treated in one portion with a solution of ethyl 2-cyano-2-(2-
nitrophenyl)acetate (199) (14.0 g; 0.06 mol) and anhydrous sodium acetate (24.6 g; 
0.75 mol) in water (60.0 ml) and ethanol (240 ml). The mixture was then stirred in the 
melting ice-bath for 2 h. 
The mixture was concentrated to remove most of the ethanol and the precipitated 
solid collected, washed with water and dried in yacuo to afford ethyl 2-cyano-2-(2-
nitrophenyl)-2-(phenylazo)acetate (223) (18.5 g; 91 %), which formed straw coloured 
crystals, m.p. 104-1060 (from hexane-ethanol), Dmax 1750 (C=O) and 1530 and 1350 
(NO2) cm-1, SH  (CDC13) 8.27-7.33 (9H, m, ArH), 4.40 (2H, q, J 7 Hz, CH 2) and 
1.31 (3H, t, J 7 Hz, CH3). 
Found: C, 59.8; H, 4.1; N, 16.2 %; m, (FAB ms), 339[(M+H)]. 
Cr H14 N4 04 requires: C, 60.4; H, 4.1; N, 16.6 %; M, 338. 
The Attempted Reaction of Ethyl 2-Cyano-2-(2-nitrophenyl)-2-(phenylazo)acetate 
(223) with 2M Aqueous Sodium Hydroxide 
A suspension of ethyl 2-cyano-2- (2-nitrophenyl) -2-(phenylazo)acetate (223) 
(0.68 g; 0.002 mol) in 2M aqueous sodium hydroxide (5.0 ml) was stirred at 500 for 
5 h. 
The suspended solid was collected, washed with water and dried in vacuo to 
afford the unreacted starting material (223) (0.47 g;' 69 %), m.p. 88-91 0 , identical 
(imp. and i.r. spectrum) to an authentic sample prepared before. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with methylene chloride to ethyl 2-cyano-2-(2-nitrophenyl)acetate (199) 
as a red oil (0.18 g; 38 %), identical (i.r. spectrum and t.l.c. in methylene chloride over 
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silica) to a previously prepared sample. 
The Reaction of Ethyl 2-Cyano-2-(2-nitrophenyl)-2-(phenylazo)acetate (223) with 2M 
Aqueous Hydrochloric Acid in Ethanol 
A solution of ethyl 2-cyáno-2-(2-nitrophenyl)-2-(phenylazo)acetate (223) (0.68 
g; 0.002 mol) and 2M aqueous hydrochloric acid (2.5 ml) in ethanol (10.0 ml) was 
heated under reflux for 18 h. 
The mixture was cooled then concentrated to one third of its original volume. 
Water (2.0 ml) was added and the mixture extracted with methylene chloride to afford 
ethyl 2-cyano-2-(2-nitrophenyl)acetate (199) as a red oil (0.52 g; 100 %), identical (i.r. 
spectrum and t.l.c. in methylene chloride over silica) to an authentic sample. 
The Reaction of Ethyl 2-Cyano-2-(2-nitrophenyl)-2-(phenylazo)acetate (223) with 
Hydrogen Chloride in Ethanol 
A solution of the phenylazo derivative (223) (1.7 g; 0.005 mol) in anhydrous 
ethanol (15.0 ml) and anhydrous ether (15.0 ml) was treated at room temperature with a 
slow stream of hydrogen chloride until the mixture was saturated. 
The mixture was evaporated to give ethyl 2-cyano-2-(2-nitrophenyl)acetate 
(199) (1.5 g; 100 %) as a red oil, identical (i.r.spectrum and t.l.c. in methylene 
chloride over silica) to an authentic sample prepared before. 
The Reaction of Ethyl 2-Cyano-2-(2-nitrophenyl)-2(phenylazo)acetate (223) with 
Hydrazine Monohydrate in Ethanol 
A solution of the phenylazo derivative (223)'(0.68 g; 0.002 mol) and hydrazine 
monohydrate (0.10 g; 0.002 mol) in ethanol (10.0 ml) was heated under reflux for 1 h. 
The mixture was evaporated and the residue treated with 2M aqueous 
hydrochloric acid (2.0 ml) and extracted with methylene chloride to give ethyl 2-cyano-
2-(2-nitrophenyl)acetate (199) as a red oil (0.36 g; 77 %), identical (i.r. spectrum and 
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t.1.c. in methylene chloride over silica) to an authentic sample. 
The aqueous mother liquor was neutralised with 2M aqueous sodium hydroxide 
and glacial acetic acid then extracted with methylene chloride to give a small amount of 
orange gum (0.02 g) which was not further investigated. 
The Attempted Reaction of 3-Amino-5-hydroxy-4-(2-nitrophenvl')-2H-12yrazole (202) 
with Hydrazine Monohydrate in Ethanol 
A solution of the 3-aminopyrazole derivative (202) (0.44 g; 0.002 mol) and 
hydrazine monohydrate (0.10 g; 0.002 mol) in ethanol (10.0 ml) was heated under 
reflux for 1 h. 
The mixture was cooled, evaporated and the residue treated with 2M aqueous 
hydrochloric acid (4.0 ml). The resulting was neutralised with 2M aqueous sodium 
hydroxide and glacial acetic acid. The precipitated solid was collected, washed with 
water and dried in vacuo to give the unreacted starting material (202) (0.37 g; 90 %), 
m.p. 172-1740, identical (m.p. and i.r. spectrum) to an authentic sample prepared 
before. 
3-AcetamidO-5-hvdroxy4(2nitrophenyfl..2Hpazole (224) 
3-Amino-5-hydroxy-4-(2nitrophenyl)2I-Ipyrazo1e (202) (0.48 g; 0.002 mol) 
was treated with acetic anhydride (10 j.tl) and the mixture heated at 100 0 (oil-bath) until 
a melt had formed. Further acetic anhydride (10 p.1) was added and the mixture was 
heated at 1000 for 10 mm. 
The mixture was cooled then treated with water (5.0 ml) and the precipitated 
solid collected, washed with water and dried in vacuo to afford 3-acetamido-5-
hydroxy-4-(2-nitrophenyl)2Hpypole (224) (0.42 g; 84 %) which formed yellow 
plates, m.p. 2272310 (from glacial acetic acid-water), Dmax 3390 and 3320 (NH), 
3200-2500 br (OH), 1690 (C=O), 1630 (C=N) and 1520 and 1350 (NO2) cm-1, 
&H [(CD3 )2S0] 8.01-7.90 (1H, m, AM), 7.70-7.50 (311, m, AM), 6.98 (211, brs, 
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NH and OH) (exch.) and 2.43 (3H, s, CH 3). 
Found: C, 50.2; H, 3.8; N, 21.3 %; mi (El ms), 262 (M). 
Cu Hio N404 requires: C, 50.4; H, 3.8; N, 21.4 %; M, 262. 
1-Hydroxv-311-12vrazolo 13.4-cl cinnoline 5-N-oxides 
A solution of the respective 3-amino-5-hydroxy-4-(2-nitrophenyl)-2H-pyra.zole 
derivative (0.008 mol) in 2M aqueous sodium hydroxide (12.0 ml) was heated under 
reflux for 2 h. 
The mixtures were then worked up as described for the individual reactions 
below. 
1-Hydroxv-3H-12vrazolo [3.4-cl cinnoline 5-N-Oxide (225) 
The mixture from 3-amino-5-hydroxy-4-(2-nitrophenyl)-2wpyrazole (202) 
was cooled then acidified with 2M aqueous hydrochloric acid. The precipitated yellow 
solid was collected, washed with water and dried in vacuo to afford the 
pyrazolocinnoline derivative (225) (80 %), m.p. 3200 (decomp.) (from 
dimethylformamide-water), Dmax 3440 (NH) and 3400-2500 br (OH) cm 1 , 
?max 238, 264 (sh), 356 and 364 nm (log E 4.37, 4.22, 3.65 and 3.62), 
H [(CD3 )2S0] 12.80 (1H, brs, OH or NH) (exch.), 12.58 (1H, brs, OH or NH) 
(exch.) and 8.59-7.56 (4H, m, ArH). 
Found: C, 53.2; H, 3.1; N, 27.6 %; miz  (FAB ms), 203 [(M+H)]. 
C9 H6 N4 02 requires: C, 53.5; H, 3.0; N, 27.7 %; M, 202. 
1 -Hvdroxv-7-methyl-3H-pyrazolo[3 4-cicinnoline 5-N-Oxide (239 a) 
The mixture from 3-amino-5-hydroxy-4-(4-thethyl-2-nitrophenyl)2,H-pyrazole 
(238 a) was cooled and acidified with 2M aqueous hydrochloric acid and the 
precipitated solid collected, washed with water and dried in vacuo to afford 1-hydroxy-
7-methyl-3jj-pyrazolo[3,4]cinnoline 5 -i-oxide (239 a) (56 %) which formed orange 
needles, m.p. > 3400  (from dimethylsuiphoxide-water), Dmax 3500-2500 br (OH and 
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NH) cm-1 , 6 [(CD3)2S0] 11.75 (2H, brs, OH and NH) (exch.), 8.35-8.33 (1H, m, 
ArH), 8.15 (1H, d, Jortho 8 Hz, ArH), 7.79 (1H, dd, Jortho 8 Hz and Jmeta 2 Hz, ArH) 
and 2.54 (3H, s, CH3). 
Found: C, 55.2; H, 3.7; N, 25.9 %; m, (El ms), 216.0644 (M4). 
C9 H6 N4 02 requires: C, 55.6; H, 3.7; N, 25.9 %; M, 216.0647. 
The aqueous mother liquor was neutralised with 2M aqueous sodium hydroxide 
and the precipitated solid collected, washed with water and dried in vacuo to afford the 
unreacted starting material (238 a) (17 %), m.p. 108-1120 , identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
(iii) 1 -Hydroxv-7-methoxy-3H-pyrazolo[3,4...cicjnnoljne 5-N-Oxide (239 b 
The mixture from 3 -amino-5-hydroxy-4-(4-methoxy-2-nitrophenyl)...2H.. 
pyrazole (238 b) was cooled and the precipitated purple salt collected and treated with 
2M aqueous hydrochloric acid (3.0 ml) to give a yellow solid which was combined 
with a second crop obtained by acidification of the aqueous mother liquor with 2M 
aqueous hydrochloric acid. The combined material was washed with water and dried in 
vacuo to afford 1 -hydroxy-7-methoxy-3H-pyrazolo[3,4-cjcjnnoljne 5 -i-oxide (239 b) 
(53 %), m.p.> 3000 (from dimethylformamide), ljmax 3280 (NH) and 3200-2400 br 
(OH) cm-', 6H [(CD3)2SO] 8.19 (1H, d, Jortho 9 Hz, ArH), 7.91 (1H, d, Jmeta 3 Hz, 
ArH), 7.63 (1H, dd, Jortho 9 Hz and Jmeta 3 Hz, ArH) and 3.94 (3H, s, CH 3 ). 
Found: C, 51.2; H, 3.6; N, 23.9 %; m, (El ms), 232.0601 (M). 
Cio H8 N4 03 requires: C, 51.7; H, 3.5; N, 24.1 %; M, 232.0596. 
The aqueous filtrate was extracted with ethyl acetate to give a gum whose t.1.c. 
in ethyl acetate-methanol (5:1) over silica showed it to be a multicomponent mixture 
which was not further investigated. 
7-Chloro-7-hvdroxy-3H-pyrazolo[3 .4-cicinnoline 5-N-Oxide (239 d) 
The mixture from 3 -amino-4-(4-chloro-2-nitrophenyl)-5-hydroxy-2,H...pyrazole 
(238 d) gave a purple solid which was collected and treated with 2M aqueous 
hydrochloric acid to afford orange crystals which were combined with a second crop 
obtained by acidification of the aqueous mother liquor with 2M aqueous hydrochloric 
acid. The combined solids were washed with water and dried in vacuo to afford the 
pyrazolocinnoline derivative (239 d) (75 %) which formed yellow prisms, m.p.> 
3200 (from dimethylfonnamide-water), Dmax 3300-2300 br (OH) cm -1 , 
& [(0)SO] 13.15 (1H, brs, OH or NH) (exch.), 11.63 (1H, brs, NH or OH) 
(exch.), 8.51 (1H, Jmeta 2 Hz, ArH) 8.27 (1H, d, Jortho 9 Hz, ArH) and 8.01 (1H, 
dd, Jmeta 2 Hz and Jortho 9 Hz, ArH). 
Found: C, 45.3; H, 2.3; N, 23.9 %; m, (El ms), 238.0071 and 236.0101 
(M). 
C9 Hs Cl N4 02 requires: C, 45.7; H, 2.1; N, 23.7 %; M, 238.0072 and 
236.0101. 
Extraction of the aqueous mother liquor with methylene chloride gave a 
negligable amount of orange solid whose t.l.c. in ethyl acetate over silica showed it to 
be muhicomponent which therefore was not further investigated. 
1 -Hydroxy-7-trifluoromethyl-3H-pyrazolo[3 .4-cicinnoline 5-N-Oxide (239 e) 
The mixture from 3 -aminoS-hydroxy-4-(2nitro4.trifluoromethylphenyl)...2H.. 
pyrazole (238 e) was cooled and acidified with 2M aqueous hydrochloric acid. The 
precipitated yellow solid was collected, washed with water and dried in vacuo to 
afford the pyrazolocinnoline derivative (239 e) (78 %) which formed yellow prisms, 
m.p. 300-3020  (decomp.) (from dimethylformamide-water), umax 3300-2400 br (OH) 
CM-1 , 8 [(CD3)2SO] 13.27 (111, brs, NH) (exch.), 11.80 (1H, brs, OH) (exch.), 
8.73 (1H, s, ArH), 8.40 (1H, d, Jortho 9 Hz, ArH) and 8.24 (1H, dd, Jortho 9 Hz and 
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Jmeta 2 Hz, ArH). 
Found: C, 44.3; H, 2.1; N, 20.7 %; mi (El ms), 270 (M). 
io H5 F3 N4 03 requires: C, 44.4; H, 1.9; N, 20.7 %; M, 270. 
Further workup of the aqueous mother liquor gave no other material. 
The Attempted Cyclisation of 4-Acetylamino-2-nitrophenyl)-3-amino-5-hydroxy-
2H-pvrazole (238 c) in 2M Aqueous Sodium Hydroxide 
A solution of 4-(4-acetylamino-2-nitrophenyl)-3-amino-5-hydroxy-2H...pyrazole 
(238 c) (0.55 g; 0.002 mol) in 2M aqueous sodium hydroxide (4.0 ml) was heated 
under reflux for 2 h. 
The mixture was cooled and acidified with 2M aqueous hydrochloric acid. The 
precipitated solid was collected, washed with water and dried in vacuo to give a solid 
(0.30 g) which could not be purified by crystallisation and whose t.l.c. in ethyl acetate-
methanol (3:1) over silica showed it to be a multicomponent mixture which was 
therefore not further investigate. 
Extraction of the aqueous mother liquor with ethyl acetate gave no other 
identifiable material. 
The Attempted Acetylation of 1 -Hydroxy-3H-pyrazolo[3,4-c]cinnoline 5-N-Oxide 
(225) with Acetic Anhydride 
A suspension of 1-hydroxy-3-pyrazolo[3,4- ]cinnoline 5-N-oxide (225) 
(0.20 g; 0.001 mol) in acetic anhydride (0.5 ml) was heated at 100 0 for 10 mm. 
The mixture was cooled and evaporated and the residue triturated with a little 
ether to give the unreacted material (225) (0.19 g;'95 %), m.p. 282-2840 , identical 
(m.p. and i.r. spectrum) to an authentic sample. 
1 -Acetoxy-3-Acetyl-3H-pyrazolo[3,4-cicinnoline 5-N-Oxide (226) 
A solution of 1-hydroxy-3F1-pyrazolo[3,4-cJcinnoline 5-a-oxide (225) (0.40 g; 
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0.002 mol) in acetic anhydride (20.0 ml) was heated under reflux for 1 h. 
The mixture was filtered to remove a small amount of insoluble material and the 
filtrate evaporated to afford l -acetoxy-3-acetyl-3-pyrazolo[3,4-c]ciimoline 5-j-oxide 
(226) (0.44 g; 77 %) which formed yellow prisms, m.p. 222-224 0 (from 
dimethylformamide-water), Umax 1770 and 1740 (0=0) cm-1, 8H [(CD 3)2S0] 8.62 
(1H, d, Jortho 9 Hz, ArH) 8.20-7.90 (3H, m, ArH), 2.75 (3H, s, CH3) and 2.63 (3H, 
s, CH3). 
Found: C, 53.8; H, 3.3; N, 19.6 %; m, (El ms), 286.0697 (M). 
Cu Hio N4 04 requires: C, 54.5; H, 3.5; N, 19.6 %; M, 286.0702. 
1 -Methoxv-3-methyl-3H-pyrazolo[3,4-cicinnoline 5-N-Oxide (229) 
A stirred suspension of sodium hydride (0.11 g; 0.0022 mol) in anhydrous 
dimethylformamide (8.0 ml) was treated at room temperature in one portion with a 
solution of 1-hydroxy-311-pyrazolo[3,4-cjcinnoline 5 -N-oxide (225) (0.40 g; 0.002 
mol) in anhydrous dimethylformamide (25.0 ml). The mixture was stirred at room 
temperature for 15 min then treated in a single portion with a solution of methyl iodide 
(0.56 g; 0.004 mol) in anhydrous dimethylformamide (4.0 ml) and stirred at room 
temperature for 24 h. 
The mixture was treated with water (5.0 ml) to destroy any unreacted sodium 
hydride then evaporated and the residue treated with water (10.0 ml). The insoluble 
yellow solid was collected, washed with water and dried in vacuo to afford 1-methoxy-
3-methyl-311-pyrazolo[3,4-cjcinnoline 5-N-oxide (229) (0.27 g; 59 %) which formed 
yellow prisms, m.p. 246-248 0 (from glacial acetic acid), lJmax 1630 (C=N) cm -1 , 
Amax 238, 264 (sh), 354 and 362 nm (log C 4.51,4.35, 3.94 and 3.91), 
[D3)2S0] 8.61-8.48 (1R, m, AM), 8.23-7.60 (3H, m, AM), 4.11 (3H, s, 
CH3) and 3.92 (3H, s, CH3 ). 
Found: C, 56.9; H, 4.1; N, 24.0 %; m, (El ms), 230.0806 (M). 
Cu Hio N4 02 requires: C, 57.4; H, 4.4; N, 24.4 %; M, 230.0804. 
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Acidification of the aqueous mother liquor gave a solid which was combined 
with a second crop obtained by neutralisation of the acidic mother liquor and extraction 
with ethyl acetate to give 2,3-dimethylpyrazolo[3,4-c]cinnolin-1(311)-one 5 -fl-oxide 
(230) (0.06 g; 8 %) which formed beige crystals, m.p. 173-178 0 (from water), 
Umax 1670 br (C=0) cm, 6H  [(CD3)2S0] 8.53-7.70 (4H, m, ArH), 3.54 (3H, s, 
CH3) and 3.47 (3H, s, CH3). 
Found: m,  (El ms), 230.0804 (MI). 
Cii Hio N4 02 requires: C, 57.4; H, 4.3; N, 24.3 %; M, 230.0804. 
3-Amino-5-hydroxv- 1 -methyl-4-(2-nitrophenyl)- 1H-pyrazole (233) or 3-Amino-5-
hydroxv-2-methvl-4-(2-nitrophenyl)-2H-pyrazole (23 1) 
A solution of ethyl 2-cyano-2-(2-nitrophenyl)acetate (199) (0.47 g; 0.002 mol) 
and methyl hydrazine (0.09 g; 0.002 mol) in anhydrous ethanol (10.0 ml) was heated 
under reflux for 24 h. 
The mixture was evaporated and the residue treated with 2M aqueous 
hydrochloric acid and extracted with methylene chloride to give a semi-solid (0.2 g) 
which was triturated with ether-light petroleum to give 2-nitrophenylacetonitrile (203) 
as a waxy solid (0.13 g;  49 %), identical (i.r. spectrum and t.l.c. in methylene chloride 
over silica) to an authentic sample prepared before. 
Evaporation of the ethereal mother liquor gave only a small amount of waxy 
semi-solid (0.05 g) which was not further investigated. 
Neutralisation of the aqueous mother liquor with 2M aqueous sodium 
hydroxide and glacial acetic acid precipitated a solid which was washed with water and 
dried in vacuo to afford the pyrazole derivative (233) or (231) (0.06g; 13 %) which 
formed cinnamon crystals,m.p. 264-267 0 (from ethanol-water), 10max 3440 and 3330 
(NH), 3200-2500 br (OH), 1620 br (C=N) and 1510 and 1350 (NO 2) cm', 
6 [(CD3 )2S0] 9.48 (1H, brs, OH) (exch.), 7.85-7.29 (4H, m, AM), 6.02 (3H, s, 
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NH2) (exch.) and 3.21 (3H, s, CH 3 ). 
Found: C, 50.7; H, 4.3; N, 23.7 %; m/ (El ms), 234 (Mt). 
Cio Hio N4 03 requires: C, 51.3; H, 4.3; N, 23.9 %; M, 234. 
The aqueous mother liquor was extracted with methylene chloride to give an oil 
(0.07 g) whose t.l.c. in ethyl acetate over silica showed it to be a complex mixture 
which was therefore not further investigated. 
The Attempted Reaction of Ethyl 2-Cyano-2-(2-nitrophenyl)acetate (199) with 
Phenvihydrazine in Ethanol 
A solution of ethyl 2-cyano-2-(2-nitrophenyl)acetate (199) (0.47 g; 0.002 mol) 
and phenyihydrazine (0.22 g; 0.002 mol) in anhydrous ethanol (10.0 ml) was heated 
under reflux for 1 h. 
The mixture was cooled, evaporated and the residue was treated with 2M 
aqueous hydrochloric acid and extracted with ethyl acetate. The resulting three phase 
mixture was filtered to remove phenyihydrazine hydrochloride (0.04 g; 14 %), m.p. 
221-2220 (decomp.) (lit., 72  250-2540  (decomp.)) identified by comparrison (m.p. and 
i.r. spectrum) with an authentic sample. 
Evaporation of the ethyl acetate extract gave unreacted ethyl 2-cyano-2-(2-
nitrophenyl)acetate (199) as a red oil (0.50 g; 100 %), identical (i.r. spectrum and t.l.c. 
in methylene chloride over silica) to a sample prepared before. 
Neutralisation of the acidic aqueous mother liquor with 2M aqueous sodium 
hydroxide and glacial acetic acid followed by extraction with ethyl acetate gave 
phenyihydrazine as a brown oil (0.08 g; 37 %), identical (i.r. spectrum) to an authentic 
sample. 
The Attempted Reaction of 1-Hydroxy-3H-12yrazolo[3,4-c]cinnoljne 5-N-Oxide (225) 
with hydrazine Monohydrate in Ethanol 
A solution of the pyrazolocinnoline derivative (225) (0.40 g; 0.002 mol) and 
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hydrazine monohydrate (0.40 g; 0.004 mol) in ethanol (10.0 ml) was heated under 
reflux for 4 h. 
The mixture was cooled and the precipitated hydrazine salt collected then treated 
with 2M aqueous hydrochloric acid (4.0 ml) to afford the unreacted starting material 
(225) (0.36 g; 90 %), m.p. > 3200, identical (m.p. and i.r. spectrum) to an authentic 
sample prepared before. 
1 -Hvdroxy-3H-pvrazolo[3,4cicjnnoljnes 
A solution of the respective 1-hydroxy-311-pyrazolo[3,4-cJcinnoline 5-_N-oxide 
(0.002 mol) in 70 % V/V aqueous dimethylformamide (20.0 ml) was treated with an 
equivalent weight of sodium dithionite and the mixture heated under refiux for 30 mm. 
The mixture was then treated with a second equivalent weight of sodium dithionite and 
heating continued for a further 30 mm. 
The mixtures were then worked up as described for the individual reactions 
below. 
(i) 1 -Hvdroxy-3H-pyrazolof3,4-c]cjnnoljne (234) 
The mixture from 1-hydroxy-3H-pyrazolo[3,4]cjnno1jne 5-j-oxide (225) 
was cooled and evaporated and the residue treated with water to give a solid which was 
collected and combined with a second crop precipitated on acidification of the aqueous 
filtrate with 2M aqueous hydrochloric acid to afford the pyrazolocinnoline derivative 
(234) (97 %) which formed orange needles, m.p. 325-330 0 (decomp.) (from 
dimethylformamide-water), Dmax 3400-2200 br (OH, NH) and 1660 and 1625 
(C=N) cm-1 , 8H  [(CD3)2S0] 13.35 (1H, brs, OH) (exch.), 11.63 (1H, brs, NH) 
(exch.), 8.66-8.56 (1H, m, ArH), 8.41-8.30 (1H, m, AM) and 8.06-7.67 (2H, m, 
ArH). 
Found: C, 57.4; H, 3.2; N, 29.8 %; m, (El ms), 186 (M). 
C9 H6 N4 0 requires: C, 58.1; H, 3.2; N, 30.1 %; M, 186. 
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1 -Hydroxy-7-methy1-3H-pvrazo1o[3,4c]cjnnoIjne (240 a) 
The mixture from 1 -hydroxy-7-methyl-3-pyrazolo[3,4Q]cinnoline 5-hi-oxide 
(239 a) was cooled and evaporated and the residue treated with water. The insoluble 
solid was collected, washed with water and dried in vacuo to afford 1-hydroxy-7-
methyl-311-pyrazolo[3,4-c]cinnoline (240 a) (77 %) which formed yellow prisms, m.p. 
>3200 (from dimethylformamide-water), Dmax 3200-2200 br (OH) and 1670 and 1625 
(C=N) cm-1, 6H  [(CD3)2SO] 12.38 (2H, brs, OH and NH) (exch.), 8.38 (1H, m, 
AM), 8.26 (1H, d, Jortho 9 Hz, ArH), 8.27 (1H, dd, Jortho 9 Hz and Jmeta 2 Hz, ArH) 
and 2.60 (3H, s, CH 3). 
Found: C, 59.2; H, 4.2; N, 27.6 %; m, (El ms), 200.0704 (M 4 ). 
Cio H8 N4 0 requires: C, 60.0; H, 4.0; N, 28.0 %; M, 200.0698. 
1 -Hvdroxv-7-methoxv-3H-pyrazo1o[34-c1cinno1ine (240 b) 
The mixture from 1-hydroxy-7-methoxy-3H-pyrazolo[3,4-c]cjnnoljne 5-N-
oxide (239 b) was cooled and evaporated and the residue treated with water. The 
insoluble yellow solid collected, washed with water and dried in vacuo to afford 1-
hydroxy-7-methoxy-3H-pyrazo1o[3,4..çJcjpo1ine (240 b) (88 %) which formed yellow 
needles, m.p. >3200 , t)max 3200-2200 br (OH) and 1680 and 1650 (C=N) cm -1 , 
ö [(CD)SO] 13.28 (1H, brs, OH) (exch.), 11.43 (1H, brs, NH) (exch.), 8.27 
(1H, d, Jortho 9 Hz, AM), 8.01 (1H, d, Jmeta 2 Hz, ArH), 7.62 (1H, dd, Jortho 9 Hz 
and Jmeta 2 Hz, ArH) and 3.99 (3H, s, CH 3 ). 
Found: C,55.6; H, 3.9; N, 25.8 %; m, (El ms), 216 (M). 
Cio H8 N4 02 requires: C, 55.6; H, 3.7; N, 25.9 %; M, 216. 
Extraction of the aqueous mother liquor with ethyl acetate gave no further 
material. 
7-Chloro- 1 -hvdroxy-3H-pyrazolo[3,4-cicinnoline (240d) 
The mixture from 7-chioro- 1 -hydroxy-311-pyrazolo[3,4-c]cinnoline 5-N-oxide 
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(239 d) was cooled and evaporated and the residue treated with water. The insoluble 
solid was collected and combined with a second crop obtained by acidifying the 
aqueous mother liquor with 2M aqueous hydrochloric acid to afford 7-chloro-1-
hydroxy-3H-pyrazolo[3,4-c]cjmo1ine (240 d) (63 %) which formed yellow prisms, 
m.p. >310 (from dimethylformamide-water), Dmax 3200-2200 br (OH) and 1670 and 
1610 (C=N) cm-1, & [(CD3 )2S0} 13.68 (1H, brs, OH) (exch.), 11.63 (1H, brs, NH) 
(exch.), 8.65 (1H, d, Jmeta 2 Hz, ArH), 8.35 (1H, d, Jortho 8 Hz, ArH), 7.96 (1H, 
dd, Jortho 8 Hz and Jmeta 2 Hz, ArH). 
Found: C,48.8; H, 2.6; N, 25.1 %; mlz  (El ms), 222 and 220 (M). 
C9 Hs Cl N4 0 requires: C, 49.0; H, 2.3; N, 25.4 %; M, 220.5. 
The Attempted Oxidation of l-Hydroxy-3H-pyrazolo[3,4-]cinno1ine 5-N-oxide (225) 
using Activated Manganese Dioxide in Pyridine 
A stirred solution of the pyrazolocinnoline (225) (0.40 g; 0.002 mol) in Analar 
pyridine (20.0 ml) was treated with a single portion of manganese dioxide (3.0 g) and 
the suspension stirred at room temperature for 30 mm. 
The mixture was filtered through celite and the filtrate concentrated to one 
quarter of the original volume then acidified with 2M aqueous hydrochloric acid 
(20.0 ml). The precipitated solid was collected, washed with water and dried in vacuo 
to give an unidentifiable product (0.03 g), m.p. >350 0, Dmax 1740 (C=O) cm-1 . 
The aqueous mother liquor was extracted with ethyl acetate to give only a small 
amount of a waxy solid (0.02 g). 
Neutralisation of the aqueous mother liquor with 2M aqueous sodium 
hydroxide and extraction with ethyl acetate gave no further material. 
The Attempted Oxidation of 1-Hvdroxy-3H-pyrazolo[3,4-cicinnoline 5-N-Oxide 
(225) with Hydrogen Peroxide in Acetic Acid 
A suspension of 1 -hydroxy-3H-pyrazolo[3,4-cjcinnoljne 5 -N-oxide (225) 
(0.40 g; 0.002 mol) in glacial acetic acid (20.0 ml) was treated with 30 % w/w  aqueous 
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hydrogen peroxide solution (5.0 ml) and the mixture stirred at 500  for 17 h. 
The resulting suspension was hot filtered and the solid washed with water and 
dried in vacuo to afford the unreacted starting material (225) (0.16 g;  40 %), m.p. 305-
310° (decomp.), identical (m.p. and i.r. spectrum) to an authentic sample. 
Workup of the aqueous mother liquor gave no other identifiable material. 
The Attempted Oxidation of 1 Hydroxy-3H-pyrazolof3,4.cicinnoline 5-N-Oxide 
(225') with 30 % w/w Aqueous Hydrogen Peroxide in 1M Aqueous Sodium Hydroxide 
A solution of the pyrazolocinnoline (225) (0.40 g; 0.002 mol) in 1M aqueous 
sodium hydroxide (5.0 ml) was treated with 30 %'/w aqueous hydrogen peroxide 
(1.0 ml) and the mixture stirred at room temperature for 18 h. 
The precipitated sodium salt was collected, treated with 2M aqueous 
hydrochloric acid and the insoluble solid collected and combined with solid material 
obtained by acidifying the aqueous mother liquor with 2M aqueous hydrochloric acid 
to afford the unreacted starting material (225) (0.32 g; 80 %), m.p. >3000 , identical 
(imp. and i.r. spectrum) to an authentic sample. 
The Attemnted Oxidative Nitrosation of 1 -Hydroxy-3H-pyrazolo[3,4-c]cinnoljne 5-N-
Oxide (225) with Ethyl Nitrite in the Presence of Sodium Ethoxide 
The pyrazolocinnoline (225) (0.40 g; 0.002 mol) was treated with a solution of 
sodium (0.05 g; 0.002 g atom) in anhydrous ethanol (10.0 ml) and the solution stirred 
at 0-50  (ice-salt bath) then treated dropwise with a solution of ethyl nitrite (0.17 g; 
0.0022 mol) in anhydrous ethanol (5.0 ml). The mixture was then stirred at room 
temperature for 24 h. 
The precipitated salt was collected and treated with 2M aqueous hydrochloric 
acid and the insoluble solid was collected, washed with water and dried in vacuo to 
afford the unreacted starting material (225) (0.27 g; 68 %), m.p. >3000 , identical (m.p. 
and i.r. spectrum) to an authentic sample prepared before. 
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Further workup of the aqueous mother liquor gave no other identifiable 
material. 
Cinnoline-4-carboxylic Acid 1-N-Oxides 
A stirred suspension of the respective 1-hydroxy-2fl-pyrazolo{3,4-]cinnoline 
5-fl-oxide (0.004 mol) in 2M aqueous sodium hydroxide (8.0 ml) was treated 
dropwise at 050  (ice-salt bath) with aqueous sodium hypochiorite (14 % in available 
chlorine) (10.0 ml). The resulting mixture was stirred in the melting ice bath for 
30 min then worked up as described for the individual reactions below. 
Cinnoline-4-carboxylic Acid 1-N-oxide (259) 
The mixture from 1-hydroxy-3-pyrazolo[3,4-çJcinnoline 5-fl-oxide (225) 
was acidified with 2M aqueous hydrochloric acid and the precipitated solid collected, 
washed with water and combined with further material obtained by extracting the acidic 
mother liquor with ethyl acetate to give cinnoline-4-carboxylic acid 1-i-oxide (259) 
(100 %) which formed pale yellow needles, m.p. 218-222 0 (from water), Dmax 3200-
2500 br (OH) and 1720 (C=O) cm-1, 8 H [(CD3 )2S0] 9.14-9.02 (2H, m, ArH), 8.73-
8.61 (1H, m, ArH) and 8.04-7.69 (2H, m, ArH), 6c [(CD 3 )2S0] 165.2 (quat.), 144.0 
(CH), 138.0 (quat.), 133.8 (CH), 131.5 (CH), 130.4 (quat.), 126.1 (CH), 120.5 
(CH) and 113.8 (quat.). 
Found: C, 56.7; H, 3.1; N, 14.7 %; m, (El ms), 190 (M). 
C9 H6 N2 03 requires: C, 56.8; H, 3.2; N, 14.7 %; M, 190. 
7-Methylcinnoline-4-carboxylic Acid 1 -N-Oxide (262 a) 
The mixture from 1 -hydroxy-7-methyl-3-pyrazo1o[3,4çJcinno1ine 5 -flj-oxide 
(239 a) was acidified with 2M aqueous hydrochloric acid and extracted with ethyl 
acetate to give the cinnoline carboxylic acid j-oxide (262 a) (83 %) which formed 
orange prisms, m.p. 248-2500  (from ethanol-water), Dmax 3200-2500 br (OH) and 
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1715 (C=O) cm-1 , 8H  [(CD3)2S0} 8.92 (1H, d, Jortho 9 Hz, ArH), 8.83 (1H, s, ArH), 
8.33 (1H, m, ArH), 7.87 (1H, dd, Jortho 9 Hz and Jmeta 2 Hz, ArH) and 2.58 (3H, s, 
CH3). 
Found: C, 58.1; H, 3.9; N, 13.7 %; mi (El ms), 204.0532 (M). 
Cio H8 N2 03 requires: C, 58.8; H, 3.9; N, 13.7 %; M, 204.0535. 
7-Methoxycinnoljne-4-carboxylic Acid 1-N-Oxide (262 b) 
The mixture from 1-hydroxy-7-methoxy-3-pyrazo1o[3,4-ç]cinno1jne 5-N-
oxide (239 b) was acidified with 2M aqueous hydrochloric acid and the precipitated 
solid collected, washed with water and dried in vacuo to afford 7-methoxycinnoline-4-
carboxylic acid 1 -i-oxide (262 b) (90 %) which formed orange prisms, m.p. 320 0  
(decomp.), Umax 3200-2500 br (OH) and 1720 (C=O) cm -1 , 5H  [(CD3)2S0] 8.88 (1H, 
d, Jortho 9 Hz, ArH), 8.78 (1H, s, ArH), 7.79 (1H, d, Jmeta 2Hz, ArH), 7.64 (1H, 
dd, Jortho 9 Hz and Jmeta 2 Hz, ArH) and 4.03 (3H, s, CH 3). 
Found: m,  (FAB ms), 221.0562 [(M +H)]. 
Cto H9 N2_04 requires: (M+H), 221.0562. 
7-Chlorocinnoline-4-carboxylic Acid 1-N-Oxide (262 d) 
The mixture from 7-chioro- 1 -hydroxy-3H-pyrazolo[3,4-çjcinnoline 5 -i-oxide 
(239 d) was filtered and the insoluble salt treated with 2M aqueous hydrochloric acid. 
The resulting free acid was collected and combined with material obtained by 
acidifying the aqueous mother liquor with 2M aqueous hydrochloric acid to afford 7-
chlorocinnoline-4-carboxylic acid 1-i-oxide (262 d) (73 %) which formed brown 
prisms, m.p. 250-2520 (from ethanol-water), Umax 3200-2500 br (OH) and 1690 
(C=O) cm-1, 8H [(CD3)2S0] 13.76 (1H, brs, OH) (exch.), 9.00 (1H, d, Jortho 9 Hz, 
ArH), 8.91 (1H, s, ArH), 8.49 (1H, d, Jmeta 2 Hz, ArH), and 8.06 (1H, dd, 
Jortho 9 Hz and Jmeta 2 Hz, ArH). 
Found: C, 47.9; H, 2.4; N, 12.6 %; mlz  (El ms), 226 and 224 (M). 
C2 H5 Cl N2 03 requires: C, 48.1; H, 2.2; N, 12.5 %; M, 224.5. 
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The Attempted Reaction of Cinnoline-4-carboxylic Acid 1-N-Oxide (259) with Sodium 
Dithionite in Water 
A solution of cinnoline-4-carboxylic acid 1-N-oxide (259) (0.38 g; 0.002 mol) 
in water (10.0 ml) was treated with sodium dithionite (0.38 g) and the mixture heated 
under reflux for 30 min then treated with a further aliquot of sodium dithionite 
(0.38 g) and heating continued for 30 mm. 
The mixture was concentrated to one third of the original volume then acidified 
with 2M aqueous hydrochloric acid and extracted with methylene chloride to give a 
gum (0.07 g) whose t.l.c. in ether over silica showed it to be a multicomponent mixture 
which was therefore not further investigated. 
The aqueous mother liquor was neutralised by addition of 2M aqueous sodium 
hydroxide followed by glacial acetic acid then continuously extracted with methylene 
chloride overnight to give a brown oil (0.11 g) whose t.l.c. in ether over silica showed 
it to be a complex mixture which was not further investigated. 
The Attempted Catalytic Reduction of Cinnoline-4-carboxylic Acid 1-N-Oxide (259) 
Using 10 % Palladium-on-Charcoal in Glacial Acetic Acid 
Cinnoline-4-carboxylic acid 1 -N-oxide (259) (0.38 g; 0.002 mol) was 
hydrogenated in glacial acetic acid (50.0 ml) over 10 % palladium-on-charcoal (0.04 g) 
at room temperature and atmospheric pressure until hydrogen uptake ceased. 
The mixture was filtered through celite and the filtrate evaporated to give a gum 
(0.32 g) which was flash-chromatographed over silica. 
Elution with methylene chloride-ethyl acetate (10:1) through ethyl acetate to 
methanol gave only a series of intractable gums (total 0.3 g) whose t.l.c. in ethyl acetate 
showed them to be complex mixtures which were not further investigated. 
3-(2-Nitrovhenvl)-2-oximinopropanoic Acid (269) 
3-(2-Nitrophenyl)-2-oximinopropanojc acid (269) was prepared by the reaction 
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of 2-nilrotoluene (267) with diethyl oxalate in the presence of sodium ethoxide, 
followed by hydrolysis then treatment with hydroxylamine hydrochloride as described 
by Rousseau and Lindwall 70,  yield 41 %, m.p. 1900 (decomp.) (lit., 70 159-1610) and 
was used without further purification. 
2-Nitrophenylacetonitrile (203) 
2-Nitrophenylacetonitrile (203) was prepared by acid catalysed dehydrative 
decarboxylation of 3-(2-nitrophenyl)-2-oximinopropanoic acid (269) in aqueous acetic 
acid as described by Rinderknecht et at., yield 85 %, m.p. 80-820 (lit., 79-84°) 
and was used without further purification. 
The Reaction of 2-Nitrobenzyl Chloride (270) with Sodium Cyanide in 
Dimethylformamide 
A suspension of 2-niirobenzyl chloride (270) (1.7 g; 0.01 mol) and sodium 
Cyanide (0.5 g; 0.01 mol) in anhydrous dimethylformamide (40.0 ml) was heated under 
reflux with exclusion of atmospheric moisture for 20 h. 
The resulting suspension was evaporated and the residue treated with water 
(10.0 ml) then extracted with methylene chloride to give a dark gum (1.4 g) whose 
t.l.c. in methylene chloride over silica showed it to be an unresolvable multicomponent 
mixture which was therefore not further investigated. 
The Attempted Phase-transfer Catalysed Reaction of 2-Nitrobenzyl Chloride (270) 
with Sodium Cyanide in the Presence of Tetrabutyl ammonium Hydrogen Sulphate 
A solution of tetrabutylammonium hydrogen sulphate (3.4 g; 0.01 mol) in water 
(5.0 ml) was treated firstly with 2M aqueous sodium hydroxide (2.5 ml) then with a 
solution of sodium cyanide (1.0 g; 0.02 mol) in water (2.5 ml). The mixture was then 
treated with a solution of 2-nitrobenzyl chloride (270) (1.58 g; 0.01 mol) in methylene 
chloride (10.0 ml) and the resulting two-phase mixture was vigourously stirred at room 
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temperature for 17 h. 
The stirred mixture was cooled to 0- 10 0  (ice-bath) then carefully acidified with 
concentrated hydrochloric acid. The organic layer was separated and washed with 2M 
aqueous hydrochloric acid then evaporated to give an intractable brown oil (3.3 g) 
whose t.l.c. in methylene chloride over silica showed it to be a complex mixture which 
was not further investigated. 
The Attempted Sodium Ethoxide Catalysed Reaction of 2-Nitrophenylacetonitrile (203) 
with Ethyl Formate 
A solution of 2-nitrophenylacetonitrile (203) (1.6 g; 0.01 mol) in anhydrous 
ethanol (25.0 ml) was added to a stirred solution of sodium (0.92 g; 0.04 g atom) in 
anhydrous ethanol (10.0 ml). Ethyl formate (3.0 g; 0.04 mol) was then added 
dropwise and the resulting solution stirred at room temperature with exclusion of 
atmospheric moisture for 2 h. 
The mixture was evaporated and the residue dissolved in water (10.0 ml). The 
resulting solution was acidified with 2M aqueous hydrochloric acid and extracted with 
methylene chloride to give a dark glass (1.5 g) which was flash-chromatographed over 
silica. 
Elution with hexane-methylene chloride (1:2) gave a small amount of unreacted 
2-nitrophenylacetonitrile (203) as a waxy solid (0.03 g; 2 %) identical (i.r. spectrum) to 
an authentic sample. 
Further elution with methylene chloride through ethyl acetate to methanol gave 
only a series of intractable gums and oils from which no identifiable material could be 
obtained. 
1 -Cyano-2-dimethylamino.. I -(2-nitrophenvl)ethene (271) 
(a) A solution of 2-nitrophenylacetonitrile (203) (0.65 g; 0.004 mol) and 
dimethylformamide diethylacetal (0.59 g; 0.004 mol) in anhydrous 1,2-
dimethoxyethane (10.0 ml) was stirred at room temperature with exclusion of 
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atmospheric moisture for 2.5 days. 
The mixture was evaporated to give a waxy semi-solid (0.82 g) which was 
flash-chromatographed over silica. 
Elution with hexane-methylene chloride (2:1) gave l-cyano-2-dimethylamino-1-
(2-nitrophenyl)ethene (271) (0.59 g; 68 %) which formed yellow prisms m.p.105-106° 
(from benzene-hexane), Dmax 2190 (CN) and 1510 and 1350 (NO2) cm-1, 
&H (CDC13) 7.79-7.24 (4H, m, ArH), 6.84 (1H, s, CH) and 3.20 (6H, s, 2 x CH 3). 
Found: C, 60.7; H, 5.0; N, 19.2 %; m, (El ms), 217 (M). 
Cu Hit N3 02 requires: C, 60.8; H, 5.1; N, 19.2 %; M, 217. 
Further elution with methylene chloride through ethyl acetate to methanol gave 
no other identifiable material. 
A solution of 2-nitrophenylacetonitrile (203) (1.6 g; 0.01 mol) and 
dimethylformamide diethylacetal (1.5 g; 0.01 mol) in anhydrous 1,2-dimethoxyethane 
(25.0 ml) was heated under reflux with exclusion of atmospheric moisture for 24 h. 
The mixture was cooled and evaporated to give the dimethylaniinoethene (271) 
as a dark waxy semi-solid (2.0 g) which was used without further purification. 
A solution of 2-nitrophenylacetonitrile (203) (6.5 g; 0.04 mol) and 
dimethylformamide diethylacetal (5.9 g; 0.04 mol) in anhydrous dimethylformamide 
(20.0 ml) was heated under reflux for 1 h. 
The mixture was cooled, evaporated and the residue washed with diethyl ether-
ethanol to give the dimethylaminoethene (27 1) as a yellow solid (3.2 g; 36 %), m.p. 
105-1060, identical (m.p. and i.r. spectrum) toa sample prepared in (a) before. 
Evaporation of the diethyl ether-ethanol washings gave a dark oil whose t.Lc. in 
methylene chloride over silica showed it to be a complex multicomponent mixture from 
which no identifiable material could be obtained. 
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The Attempted Hydrolysis of 1 -Cyano-2-dimethvlamino- 1 42-nitrophenvl)ethene (27 1) 
A solution of 1 -cyano-2-dimethylamino- 1 -(2-nitrophenyl)ethene (271) (0.11 g; 
0.0005 mol) in 70 % V/y aqueous dioxane (2.5 ml) was heated under refiux for 24 h. 
Evaporation of the mixture gave only the unreacted starting material (271) 
(0.10 g; 91 %), m.p. 94-950 , identical (m.p. and i.r. spectrum) to an authentic sample. 
2-Cyano-2-(2-nitrophenyl)acetaldehyde (266) 
A solution of 1 -cyano- 2-dimethyl amino-i -(2-nitrophenyl)ethene (271) 
(2.2 g, 0.01 mol) and 2M aqueous hydrochloric acid (12.5 ml) in ethanol (50.6 ml) 
were heated under refiux for 1 h. 
The mixture was cooled then concentrated to one third of the original volume. 
Water (10.0 ml) was added and the mixture extracted with ethyl acetate to give 2-
cyano-2-(2-nitrophenyl)acetaldehyde (266) (1.7 g; 84 %) which formed colourless 
crystals m.p. 129-135 0  (from water), Umax 3200-2500 (br) (OH), 2220 (C:—=N), 1640 
(C=C) and 1520 and 1340 (NO2) cm 1 , 811 (CDC13) 8.24-8.11 (1H, m, AM), 7.80-
7.42 (3H, m, ArH) and 4.20 (2H, s, CH and OH) (exch.) (collapses to 1H on exch.). 
Found: C, 56.0; H, 3.2; N, 15.2 %; m, (El ms), 190 (Mt). 
CH6N203 requires: C, 56.8; H, 4.7; N, 14.7 %; M, 190. 
A solution of impure l -cyano-2-dimethylamino-1-(2-nitrophenyl)ethene 
(271) 0.0 g; c.a ... 0.005 mol) in ethanol (25.0 ml) was treated with 2M aqueous 
hydrochloric acid (5.0 ml) and the mixture heated under refiux for 1 h. 
The mixture was concentrated to c.a. one sixth of the original volume then 
extracted with methylene chloride to give a brown oil (0.92 g). The oil was treated 
with 2M aqueous sodium hydroxide and extracted with methylene chloride to give a 
brown oil (0.43 g) whose t.l.c. in methylene chloride over silica revealed to be a 
multicomponent mixture from which no identifiable material could be obtained. 
The alkaline mother liquor was acidified with 2M aqueous hydrochloric acid to 
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precipitate 2-cyano-2-(2-nitrophenyl)acetaldehyde (266) as a cream coloured solid 
(0.23 g; 24 %) m.p. 128-132 0 , identical (m.p. and i.r. spectrum) to an authentic 
sample prepared before. 
Further work-up of the aqueous mother liquor gave no other identifiable 
material. 
The Attempted Reaction of 2-Cyano-2-(2-nitrophenvl)acetaldehyde (266) with 
Hydrazine Monohydrate in Ethanol 
A solution of 2-cyano-2-(2-nitrophenyl)acetaldehyde (266) (0.38 g; 0.002 mol) 
and 100 % hydrazine monohydrate (0.10 g; 0.002 mol) in ethanol (10.0 ml) was heated 
under reflux for 1 h. 
The mixture was evaporated and the residue treated with a little water to give 2-
nitrophenylacetonitrile (203) as a light brown solid (0.32 g; 99 %) m.p. 74-77 0 , 
identical (m.p. and i.r. spectrum) to an authentic sample. 
The Attempted Reaction of l-Cyano-2-dimethylamino-1-(2-nitrophenyl)ethene (27 1) 
with Hydrazine Monohydrate in Ethanol 
A solution of 1-cyano-2-dimethylamino-1-(2-nitrophenyl)ethene (271) (0.22 g; 
0.001 mol) in ethanol (10.0 ml) was treated with hydrazine monohydrate (0.05 g; 
0.001 mol) and the mixture heated under reflux for 10 h. 
The mixture was evaporated to give the unreacted starting material (0.21 g; 
95 %), m.p. 90-930 , identified by comparison (m.p. and i.r. spectrum) to an authentic 
sample. 
3-Amino-4-(2-nitropheny1)2fl-12yrazo1e (265) 
A solution of 2-cyano-2-(2-nitrophenyl)acetaldehyde (266) (0.38 g; 0.002 mol) 
and hydrazine hydrochloride (0.21 g; 0.002 mol) in 70 % v/v aqueous ethanol 
(10.0 ml) was heated under reflux lh. 
The mixture was concentrated to a total volume of c.a 3.0 ml and the 
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precipitated solid collected and washed with water to give 2-nitrophenylacetonitrile 
(203) (0.11 g;  34 %), m.p. 75-800 , identical (m.p. and i.r. spectrum) to an authentic 
sample. 
The aqueous mother liquor was extracted with methylene chloride then 
neutralised with 2M aqueous sodium hydroxide and glacial acetic acid. The precipitated 
solid was collected to afford 3-amino-4-(2-nhtrophenyl)-2H-pyrazole (265) (0.15 g; 
37 %) which formed orange needles m.p. 119-120 0 (from benzene), ljmax 3410, 3290 
and 3190 (NH) and 1520 and 1340 (NO2) cm, 6H (CDC1 3) 7.88-7.76 (1H, m, ArH), 
7.72-7.29 (4H, m, AM) and 4.49 (3H, brs, NH and NH 2) (exch.). 
Found: C, 52.6; H, 4.0; N, 27.3; m,  (El ms), 204 (M). 
C2 H8 N4 02 requires: C, 52.9; H, 3.9;'N, 27.5 %; M, 204. 
Extraction of the neutral aqueous mother liquor with methylene chloride gave no 
further identifiable material. 
A solution of 1-cyano-2-dimethylamino-1-(2-nitrophenyl)ethene (27 1) 
(0.22 g; 0.001 mol) in 70 % V/sr aqueous ethanol (10.0 ml) was treated with hydrazine 
dihydrochionde (0.11 g; 0.00 1 mol) and the mixture heated under reflux for 1 h. 
The mixture was concentrated to a volume of c.a 3.0 ml, washed with 
methylene chloride then neutralised with solid sodium acetate. The precipitated orange 
solid was collected, washed with water and dried in vacuo to afford 3-amino-4-(2-
nitrophenyl)-2H-pyrazole (265) (0.10 g; 49 %) m.p. 119-121°, identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
A solution of the impure waxy 1-cyano-2-dimethylamino-1-(2-
nitrophenyl)ethene (27 1) (1.0 g; c.a. 0.005 mol) and hydrazine dihydrochioride 
(0.53 g; 0.005 mol) in 70 % V/ aqueous ethanol (10.0 ml) was heated under reflux for 
1 h. 
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The mixture was concentrated to a volume of c.a. 3.0 ml then diluted with water 
(2.0 ml) and extracted with methylene chloride to give a dark gum (0.40 g) whose 
t.l.c. in ether over silica showed it to be an unresolvable multicomponent mixture which 
was not further investigated. 
The aqueous mother liquor was neutralised with 2M aqueous sodium hydroxide 
and glacial acetic acid. The resulting precipitate was collected to afford the 
aminopyrazole (265) (0.33 g; 32 %), m.p. 111-113°, identical (m.p. and i.r. spectrum) 
to an authentic sample prepared before. 
Further work-up of the aqueous mother liquor gave no other identifiable 
material. 
The Attempted Cvclisation Reactions of 3-Amino-4-(2-nitrophenvl)-2H-12yrazole (265) 
Using 2M aqueous sodium hydroxide 
A solution of the 3-aninopyrazole derivative (265) (0.41 g; 0.002 mol) in 2M 
aqueous sodium hydroxide (3.0 ml) was heated under reflux for 2 h. 
The resulting solution was cooled and acidified with 2M aqueous hydrochloric 
acid to give a solid (0.38 g) which could not be crystallised from common organic 
solvents and whose t.l.c. in methanol over silica showed it to be a complex 
unresolvable mixture which was not further investigated. 
Using sodium hydride in dimethylformamide 
A stirred suspension of sodium hydride (0.10 g; 0.004 mol) in anhydrous 
dimethylformamide (5.0 ml) was treated dropwise at room temperature with a solution 
of 3-amino-4-(2-nitrophenyl)-2H-pyrazole (265) (0.41 g; 0.002 mol) in anhydrous 
dimethylformamide (5.0 ml). The mixture was then heated at 100 0 with exclusion of 
atmospheric moisture for 24 h. 
The mixture was cooled, evaporated and the residue treated with water (5.0 ml). 
The resulting solution was acidified with 2M aqueous hydrochloric acid and the 
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precipitated solid was collected, washed with water then dried in vacuo to afford a 
solid (0.40 g) which was flash-chromatographed over silica. 
Elution with methylene chloride-ethyl acetate (5:1) through ethyl acetate to 
methanol gave only a series of gums and solids (0.29 g) whose t.l.c. in methylene 
chloride over silica showed them to be mixtures from which no identifiable materials 
could be obtained. 
The Attempted Acetylation of 1-Cyano-2-dimethvlamino-142-nitrophenyl)ethene (27 1) 
A suspension of 1 -cyano-2-dimethylamino- 1 -(2-nitrophenyl)ethene (27 1) 
(0.43 g; 0.002 mol) and acetyl chloride (5.0 ml) in anhydrous diethyl ether (20.0 ml) 
was heated under reflux with exclusion of atmospheric moisture for 2 h, during which 
time an homogenous solution was formed. 
The mixture was evaporated to give the unreacted 1-cyano-2-dimethylamino-1-
(2-nitrophenyl)ethene (271) (0.43 g; 100 %), m.p. 87-91 0 identical (m.p. and i.r. 
spectrum) to an authentic sample. 
The Attempted Reaction of 1-Cyano-2-dimethvlamino-l-(2-nitrophenyl)ethene (271) 
with Benzoyl Chloride in the Presence of Triethylamine 
A solution of 1 -cyano-2-dimethylamino- 1 -(2-nitrophenyl)ethene (271) (0.22 g; 
0.001 mol) in anhydrous toluene (5.0 ml) was treated firstly with triethylamine (0.10 g; 
0.001 mol) and then with benzoyl chloride (0.14 g; 0.001 mol). The mixture was 
heated under reflux with exclusion of atmospheric moisture for 16 h. 
The mixture was cooled then evaporated and the residue treated with water 
(2.0 ml) and extracted with methylene chloride to give a gummy semi-solid (0.27 g). 
The semi-solid was treated with ether-light petroleum to give the unreacted starting 
material (271) (0.15 g; 71 %), m.p. 100-103 0 , identical (m.p. and i.r. spectrum) to an 
authentic sample. 
Evaporation of the ether-light petroleum mother liquor gave a brown gum 
(0.8 g) whose t.l.c. in methylene chloride over silica showed to be a complex mixture 
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and was therefore not further investigated. 
1-Benzoyloxy-2-cyano-2-(2-nitrophenyl)-1 -phenylethene (279) 
A stirred suspension of sodium hydride (0.24 g; 0.01 mol) in anhydrous 
dimethylformamide (10.0 ml) was treated dropwise at room temperature with a solution 
of 2-nitrophenylacetonitrile (203) (1.6 g; 0.01 mol) in anhydrous dimethylformaniide 
(20.0 ml). The mixture was stirred at room temperature for 15 mm. then treated 
dropwise with a solution of benzoyl chloride (2.8 g; 0.02 mol) in anhydrous 
dimethylformamide (5.0 ml) and the mixture stirred at room temperature with exclusion 
of atmospheric moisture for 24 h. 
The mixture was treated with water (5.0 ml) then evaporated and the residue 
treated with water (10.0 ml) then extracted with methylene chloride to give a creamy 
coloured solid (4.0 g) which was flash-chromatographed over silica. 
Elution with hexane-methylene chloride (2:1) gave benzoic acid (1.1 g; 46 %), 
m.p. 122-1240 , identical (m.p. and i.r. spectrum) to an authentic sample. 
Further elution with hexane-methylene chloride (2:1) gave 1-benzoyloxy-2-
cyano-2-(2-nitrophenyl)-1-phenylethene (279) (2.0 g; 55 %) which formed colourless 
prisms m.p. 162-1640  (from benzene-light petroleum (b.p. 60-80 0), Dmax 2220 
(CN), 1750 (C=O) and 1530 and 1350 (NO2) cm- 1, 6H (CDC13) 8.24-7.29 (141-L 
m, ArH). 
Found: C, 71.3; H, 3.8; N, 7.6 %; miz  (FAB ms), 371, [(M+H)] 
C21 H14 N2 04 requires: C, 71.4; H, 3.8; N, 7.8 %; M, 370. 
Further elution with methylene chloride through ethyl acetate to methanol gave 
no other identifiable materials. 
The Attempted Reaction of 1 -Benzoyloxv-2-cyano-2-(2-nitrophenyl)- 1 -phenylethene 
(279) with Hydrazine Monohydrate in Ethanol 
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A solution of 1 -benzoyloxy-2-cyano-2-(2-nitrophenyl)- 1-phenylethene (279) 
(0.37 g; 0.001 mol) in ethanol (10.0 ml) was treated with hydrazine monohydrate 
(0.10 g; 0.002 mol) and the mixture heated under reflux for 1 h. 
The mixture was cooled and evaporated then the residue was treated with 
hydrochloric acid (3.0 ml). The insoluble solid was collected, washed with water and 
dried in vacuo to afford 2-nitrophenylacetonitrile (203) (0.15 g; 93 %) m.p. 79-81°, 
identical (imp. and i.r. spectrum) to an authentic sample prepared before. 
The Attempted Reaction of 1 -Benzoyloxy-2-cyano-2-(2-nitrophenyl)- 1 -phenylethene 
(279) with Hydrazine Dihydrochioride in 70 % v/v Aqueous Ethanol 
A solution of the enol ester derivative (279) (0.74g; 0.002 mol) in 70 % V/v 
aqueous ethanol (20.0 ml) was treated with a single portion of hydrazine 
dihydrochioride (0.42 g; 0.004 mol) and the mixture heated under reflux for 17 h. 
The mixture was cooled and concentrated then treated with water (8.0 ml). The 
precipitated solid was collected, washed with water and dried in vacuo to give the 
unreacted starting material (279) (0.56 g; 76 %) m.p. 75-780 , identical (i.r. spectrum 
and t.1.c. in methylene chloride over silica) to an authentic sample. 
The aqueous mother liquor was extracted with methylene chloride to give 
2-nitrophenylacetonitrile (203) as a wax (0.02 g; 6 %) identical (i.r. spectrum and t.l.c. 
in methylene chloride over silica) to an authentic sample. 
1 -Cyano-2-ethoxycarbonyl-2-hydroxy 1 -(2-nitrophenyl)ethene (281) 
(a) A stirred suspension of sodium hydride (0.10 g; 0.004 mol) in anhydrous 
dimethylformamide (2.5 ml) was treated dropwise at room temperature with a solution 
of 2-nitrophenylacetonitrile (203) (0.65 g; 0.004 mol) in anhydrous dimethylformamide 
(5.0 ml). The mixture was stirred with exclusion of atmospheric moisture for 15 mm. 
then treated dropwisè with a solution of ethyl oxalyl chloride (1.1 g; 0.008 mol) in 
anhydrous dimethylformamide (2.5 ml). The mixture was then stirred at room 
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temperature with exclusion of atmospheric moisture for 17 h. 
Water (2.0 ml) was added and the mixture evaporated. The residue was treated 
with water (5.0 ml) and the insoluble solid was collected and combined with material 
obtained by extracting the filtrate with methylene chloride to give an oil (1.3 g) which 
was flash-chromatographed over silica. 
Elution with hexane-methylene chloride (2:1) gave unreacted 2-
nitrophenylacetonitrile (203) (0.39 g; 60 %), m.p. 81-83 0, identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
Further elution with methylene chloride gave 1-cyano-2-ethoxycarbonyl-2-
hydroxy-1-(2-nitrophenyl)ethene (281) (0.40 g; 38 %) which formed colourless 
crystals, m.p. 167-168 0 (from benzene), Dmax 3200 (br) (OH), 2220 (CN), 1740 
(C=O) and 1540 and 1350 (NO2) cm-1, 5H  (CDCI 3) 8.15-8.02 (1H, m, ArH), 7.79-
7.34 (3H, m, AM), 4.54 (2H, q, J 7 Hz, CH2), 3.62 (1H, br s, OH) (exch.), and 
1.49 (3H, t, J 7 Hz, CH3 ). 
Found: C, 54.8; H, 3.8; N, 10.7 %; m/z (El ms), 262 (Mt). 
C12HloN2 05 requires: C; 55.0; H, 3.8; N, 10.7 %; M, 262. 
Further elution with methanol gave an oil (0.07 g) whose t.l.c. in methylene 
chloride over silica showed it to be a complex mixture which was not further 
investigated. 
The Reaction of 1 -Cyano-2-ethoxycarbonyl -2-hydroxy- 1 -(2-nitrophenyflethene (281) 
with Hydrazine Monohydrate in Ethanol 
A solution of 1 -cyano-2-ethoxycarbonyl -2-hydroxy- 1 -(2-nitrophenyl)ethene 
(281) (0.52 g; 0.002 mol) in ethanol (10.0 ml) was treated with hydrazine monohydrate 
(0.10 g; 0.002 mol) and the resulting solution was heated under reflux for 1 h. 
The mixture was cooled and the precipitated solid collected to afford oxalic acid 
acid dihydrazide (282) (0.03 g; 13 %) which formed colourless crystals, m.p. 243-
245° (from ethanol-water) lit., 65  2350 , Umax 3280 (br) and 3180 (br) (NH) and 1650 
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(C=O) cm-1 . 
Found: C, 20.3; H, 5.1; N, 48.9%; m,  (El ms), 118.0492 (M). 
CH6N402 requires: C, 20.3; H, 5.1; N, 47.5 %; M, 118.0491. 
The mother liquor was evaporated and the residue treated with water. The 
insoluble solid was collected and dried in vacuo to give 2-nitrophenylacetonitrile (203) 
as a wax (0.44 g; quantitative), identical (i.r. spectrum) to an authentic prepard before. 
The Reaction of 1-Cyano-2-ethoxvcarbonyl -2-hydroxy-142-nitrophenyflethene (28 1) 
with Hydrazine Dihydrochioride in Aqueous Ethanol 
A solution of 1 -cyano-2-ethoxycarbonyl 2-hydroxy- 1 -(2-nitrophenyl)ethene 
(281) (0.52 g; 0.002 mol) in 70 % V/si aqueous ethanol (10.0 ml) was treated with 
hydrazine dihydrochloride (0.21 g; 0.002 mol) and the mixture heated under reflux for 
1 h. 
The mixture was concentrated then treated with water (5.0 ml). The precipitated 
solid was collected, washed with water and dried in vacuo to afford 2-
nitophenylacetonitrile (203) (0.30 g; 93 %), m.p. 77-79 0 , identical (m.p. and i.r. 
Spectrum) to an authentic sample. 
Benzoylacetomtrile was prepared by the reaction of 2-bromoacetophenone with 
potassium cyanide in aqueous ethanol as described by Gabriel and Eschenbach, 69  yield 
72 %, m.p. 72-740 (lit., 69  8 1 0). 
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Studies of the Synthesis and Ring-Scission Reactions of Isoxazolol3,4-cicinnoline 
Derivatives 
The successful use (Scheme 83) of tricyclic pyrazo1o[3,4-]cinnoline 
derivatives (239) as precursors of cinnoline-4-carboxylic acid 1-N-oxides  (262), 
discussed in the previous chapter, prompted an investigation into the use of other 
tricyclic fused cinnolines for the synthesis of 3,4-oxygenated cinnoline 1--N-oxides of 
the type previously discussed in the preface to Chapter 1. An attractive synthetic target 
therefore was the previously undescribed isoxazolo[3,4-c]cinnolin-1(3F1)-one 5-a-
oxide (283). Reductive cleavage of the isoxa.zolone ring in this substrate and further 
elaboration of the resulting cinnoline derivative (284) could, in principle, lead to the 
formation of 3,4-dihydroxycinnoline 1 -N-oxide (285) or its N-hydroxy tautomer 
(286). 
Retrosynthetic analysis (Scheme 84) of the target compound (286) for this 
investigation indicated that cyclisation of the 3-aminoisoxazolone derivative (288) via 
an amino-nitro condensation reaction, if successful, would provide a convenient 
synthetic approach. It was anticipated that the required 3-aninoisoxazolone derivative 
(288) could be prepared by condensation of hydroxylamine with ethyl 2-cyano-2-(2-
nitrophenyl)acetate (199), the synthesis of which has already been described in Chapter 
3 of this thesis. Unexpectedly however, the reaction (Scheme 85) of the ethyl cyano 
ester (199) with hydroxylamine hydrochloride in the presence of sodium carbonate 
failed to give the anticipated isoxazolone (288) directly. Instead, a product was 
obtained in high yield (88 %) which analysed correctly and showed spectroscopic 
properties consistent with its formulation as 2-ethoxycarbonyl-2-(2-
nitrophenyl)acetamidoxime (289). Further support for this structure was obtained 
chemically by acylation of the amidoxime (289) with acetic anhydride to afford the - 
acetyl derivative (290) in high yield (91 %). Again, analytical and spectroscopic data 
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Q-benzylate the amidoxime (289) using benzyl chloride in the presence of sodium 
hydride, a product was obtained in high yield (84 %) whose combustion analysis and 
spectroscopic absorbances allowed its formulation as 3-amino-2-Z-benzyl-4-(2-
nitrophenyl)isoxazol-5(2JJ)-one (292). The structure of the isoxazolone derivative 
was confirmed unambiguously by x-ray crystallography (Figure 2; Tables 1 to 3; 
Figure 3). This shows the presence of intermolecular hydrogen-bonding thus 
explaining the unexpectedly low i.r. frequency (1690 cm - 1 ) of the carbonyl group in the 
isoxazolone (292). The formation of this product is explicable by cycisation of the 
amidoxime (289) to give the isoxazolone (291) which is then benzylated to afford the 
observed -benzylated product (292). The formation of the latter under the base-
catalysed conditions of the reaction was auspicious for the proposed synthetic strategy 
outlined in Scheme 84. 
Treatment (Scheme 86) of the amidoxime (289) with 2M aqueous sodium 
hydroxide at room temperature induced cyclisation with concomitant elimination of 
ethanol to yield the aminoisoxazolone derivative (288) in high yield (80 %). The 
compound is believed to exist in this tautomeric form and not as the hydroxyisoxazole 
because of the presence of a carbonyl band at 1690 cm -1 in its i.r. spectrum and 
the presence of a low field quaternary carbon at 170.0 p.p.m. in its 13C n.m.r. 
spectrum. While the i.r. frequency of the carbonyl substituent is lower than that 
expected of a five-membered lactone-type structure it is in accord with that observed in 
the case of the N-benzyl derivative (292). As in the case of this compound (see before) 
the low i.r. frequency of the carbonyl group can be attributed to intermolecular 
hydrogen-bonding. Also formed as a by-product from the reaction of the amidoxime 
(289) with aqueous sodium hydroxide was a small amount (3 %) of a product identical 
in all respects to an authentic sample 73  of 2-(2-nitr6phenyl)acetamidoxime (295). The 
formation of this by-product can readily be explained in terms of a competing 
decarboxylation reaction under the hydrolytic conditions of the reaction. 
In an attempt (Scheme 86) to investigate the stability of the isoxazolone (288) 







Data for compound GT498: C16H14N304: MOfloc1jj P21/c, a = 10.995, b = 12.084, c = 11.787A, 0 = 109.73°. 
Table 1. Bond Lengths(A) with standard deviations 
0(1) 	- 	 N(2) 
0(1) 	- C(S) 
1.444(17) 
1.363(20) 
C(23) -C(24) 1.38( 	3) 






































C(21) -C(22) 1.403(23) 





1.197(20) C(21) -C(26) 1.368(24) N(2) -0(22) t.229(22) C(22) 	-C(23) 1.33(3) 
Table 2. Angles(degrees) with standard deviations 
N(2) - 0(1)- 	C(S) 
0(1) - 	 N(2)- C(3) 
0(1) - 	 N(2)- C(2) 
C(3). - 	 N(2)- C(2) 
N(2) - C(3)- C(4) 
N(2) - C(3)- 	N(3) 
C(4) - C(3)- 	N(3) 
C(3) - 	 C(4)- C(S) 
 - 	C(4)-C(1) 
C(S) - 	 C(')-C(1) 
0(1) - C(S)- C(4) 
0(1) - C(S)- 0(5) 
 - C(S)- 0(5) 





104 .5 (1 1) 
107.5(11) 
119.2 (12) 
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Table _3. Torsion angles(degrees) with standard deviations 

















C(6 	)-C(1 	)-C(2' )-N(2) 
C(4)-C(1)-C(6)-C(5) 
-176.1(16) 
175.1(16) N(3)-C(3) -C(4)-C(1) 4.8(29) .C(2')-C(1)-C(6')-C(5') -1.1(25) C(3)-C(4) -C(S)- 0(1) 1.6(18) C(1 ')-C(2 	)-C(3 	)-C(4') -3.9(26) C(3)-C(4) -C(S)- 0(5) 176.9(16) N(2)-C(2)-C(3')-C(4') 175.5(16) C(1')-C(4) -C(5)-0(1) 176.6(14) C(1')-C(2')-N(2')-0(21') 19.8(26) ')-C(4) C(1 -C(S)- 0(5) -6.1(30) C(1 ')-C(2 	) -N(2) -0(22')-160.6(17) C(3)-C(4)-C(1 )-C(2') -125.9(i9) C(3')-C(2')-N(2')-0(2l')-159.6(16) 






above), a solution of the isoxazolone (288) was heated in 2M aqueous sodium 
hydroxide. Flash-chromatography of the resulting mixture gave a product in low yield 
(12 %) whose analytical and spectroscopic properties showed it to be the 
isoxazolo[3,4-cjcinnolin- 1  (3ff)-one 5-N-oxide (287). In particular, its i.r. spectrum 
lacked absorption due to amino or nitro moieties but contained carbonyl absorption at 
1780 cm consistent with the fused isoxazolone structure (287) as opposed to the 
tautomeric hydroxyisoxazole structure (294). Interestingly, none of the acetamidoxime 
(295) was isolated in this reaction. 
The action (Scheme 86) of ethanolic sodium ethoxide was found to provide a 
superior synthetic route to the isoxazolone derivative (288), giving an improved yield 
(91 %) and gave none of the acetamidoxime (295) by-product. Having found a reliable 
synthesis of the isoxazolone (288) the chemistry of this interesting molecule could now 
be investigated preliminary to its attempted cycisation to a fused cinnoline _N-oxide. 
Methylation (Scheme 87) of the isoxazolone (288) using methyl iodide in the presence 
of sodium hydride gave a high yield (87 %) of a single product which analysed 
correctly for a monomethyl derivative. This product is formulated as the N-
methylisoxazolone derivative (296) rather than the alternative -Q-methyl structure on the 
basis of its carbonyl absorption at 1700 cm -1 in the i.r. spectrum of this compound. 
Heating the isoxazolone (288) in acetic anhydride resulted in its conversion in high 
yield (97 %) into a mono-acetyl derivative. The formulation of this compound as the 
acetamido derivative (297) is based on the presence of a low frequency carbonyl 
absorption at 1700 cm-1 in its i.r. spectrum. An -acetyl or ring N-acetyl structure for 
the product would have been expected to exhibit i.r. carbonyl absorption at a much 
higher frequency. 
After the brief investigation of the chemical reactivity of the isoxazolone (288), 
efforts were next turned (Scheme 88) to improving the synthetic efficiency of its base-
catalysed cydisation to the isoxazolocinnolinone N-oxide (287). When a solution of 
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temperature, no observable reaction took place and the unreacted starting material (288) 
was recovered unchanged. In contrast, heating an ethanolic solution of the isoxazolone 
(288) with excess 2M aqueous sodium hydroxide led to the formation of a yellow solid 
whose spectroscopic properties indicated it to be 2-(2-nitrophenyl)acetamidoxime-2- 
carboxylic acid (298) (yield 84 %). The assigned structure was supported by the 
presence of a benzylic proton in its 1H n.m.r. spectrum together with four other 
exchangeable protons assignable to those of a primary amino group, an oximino group 
and a carboxyl group. Unfortunately, attempts to crystallise a sample of the compound 
for combustion analysis caused its recyclisation to the isoxazolone (288). Additional 
proof in support of the carboxylic acid structure (298) was obtained (Scheme 88) from 
its esterification with ethanol in the presence of concentrated sulphuric acid to give the 
2-ethoxycarbonylacetamidoxime derivative (289), identical to material prepared before 
(see Scheme 85). Hydrolysis (Scheme 88) of the isoxazolone (288) was also observed 
under acidic conditions. Thus heating an ethanolic solution of the isoxazolone (288) 
with 2M aqueous hydrochloric acid afforded a good yield (69 %) of the carboxylic acid 
(298). 
Returning to the attempted (Scheme 89) base-catalysed cyclisation of the 
aminoisoxazolone (288) reaction of isoxazolone (288) with methanolic 
benzyltrimethylammonium showed some evidence by t.l.c. of cyclisation to afford the 
isoxazolocinnoline N-oxide derivative (287). However the reaction did not go to 
completion even after 24 h. In attempted cycisation reactions of the isoxazolone (288) 
it was found that using either methanolic sodium hydroxide or methanolic sodium 
methoxide as the basic catalyst gave the carboxylic acid derivative (298) in high yield 
(73 % and 71 % respectively). The aminoisoxazolone (288) was recovered largely 
unchanged (89 %) after heating under reflux in an ethanolic solution of sodium 
ethoxide (Scheme 89) however a low yield (2 %) of the tricylic isoxazolocinnolinone 
N-oxide (287) was also isolated in this reaction. 
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• achieve the smooth transformation of the aminoisoxazolone (288) into the tricyclic —N -
oxide (287), sodium hydride was next investigated as the base. In practice, it was 
found that heating a solution of the isoxazolone derivative (288) in dimethylforrnamide 
with two equivalents of sodium hydride at 1000 for lh gave only a high recovery 
(70 %) of the unreacted isoxazolone (288). However, it was found that extending the 
reaction time from lh to 17 h gave rise to the cyclised product (287) in fair yield 
(54 %). Further extension of this reaction time to 24 h allowed the transformation 
[(288) -+ (287)] to go to completion affording the isoxazolocinnolinone N-oxide (287) 
cleanly and in excellent yield (97 %). 
The attempted cyclisation (Scheme 90) of the N-methylisoxazolone derivative 
(296) using sodium hydride in dimethylformamide was unsuccessful; the unreacted 
starting material (296) was recovered in high yield (68 %). In contrast, heating the N-
methylisoxazolone (296) in 2M aqueous sodium hydroxide gave predominantly an 
intractable glass from which no identifiable products were obtained, in addition to a low 
recovery of the unchanged isoxazolone (296). It was interesting to note how the base-
catalysed cycisation of the 3-amino2-N-methylisoxazolone derivative (296) appears to 
be inhibited by removal of the acidic NH proton on the isoxazolone ring. However 
why this factor should exert such a marked effect on reactivity is not clear. In any case, 
the synthesis (Scheme 90) of 3-N-alkylisoxazolo[3,4-cJcinnolin- 1(3f-one 5-N-oxides 
is potentially achievable by standard alkylation (e.g. sodium hydride-methyl iodide) of 
the preformed tricyclic isoxazolocinnolines. Thus, in the case of the isoxazolocinnoline 
derivative (287), methylation with methyl iodide catalysed by sodium hydride afforded 
a high yield (78 %) of the corresponding N-methyl derivative (299) together with a 
small amount of the unreacted starting material. The presence of carbonyl absorption at 
1750 cm-1 in the i.r. spectrum of this product confirmed it to have the N-alkylated 
structure (299) rather than an alternative 0-methyl structure. 
Having developed a successful high yielding synthetic route to the previously 
undescribed isoxazolo[3,4-]cinnolinone 5-N-oxide  (287) it was considered of interest 
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to investigate the scope of this new synthetic method, and in particular, to establish its 
synthetic utility using starting materials containing both electron-withdrawing and 
electron-donating substituents in the benzene ring. It was also of interest to study the 
deoxygenation of the isoxazolocinnolinone N-oxides so obtained to afford the 
corresponding parent isoxazolo[3, 4- ]cinnolinones. 
A variety (Scheme 91) of ethyl 2-cyano-2-(2-nitrophenyl)acetate derivatives 
were already available from the studies described in Chapter 3 and those were now 
exploited (Scheme 91) for the synthesis of 7-substituted isoxazolocinnolinone 5-N-
oxides (302). The use of substrates (237 a and 237 b) containing electron-donating 
substituents (Me and MeO) as starting materials was first investigated. The methyl and 
methoxy substituents were found to have little or no adverse effect on the first two 
steps of the synthetic sequence. For example (Scheme 91), on treatment with 
hydroxylamine hydrochloride in the presence of sodium carbonate, both the methyl and 
methoxy substituted cyano ester derivatives (237 a and 237 b) gave the corresponding 
amidoximes (300 a and 300 b) in high yield (78 % and 74 %, respectively). Similarly, 
cycisation of the amidoxime derivatives (300 a and 300 b) using ethanolic sodium 
ethoxide led to high yields (80 % and 74 % respectively) of the corresponding 
isoxazolones (301 a and 301 b). The main departure from the behaviour exhibited by 
the parent unsubstituted compounds came in the final sodium hydride catalysed 
cycisation step (Scheme 91) to yield the 7-substituted tricyclic compounds (302 a and 
302 b). Thus, in this reaction, the methyl substituted compound (301 a) afforded the 
corresponding isoxazolocinnolinone (302 a) in high yield (80 %). However, the 
derivative (301 b) containing the more powerfully electron-releasing methoxy 
substituent was transformed, under identical conditions, into the cinnolinone derivative 
(302 b) in only low yield (25 %). The inefficiency of this particular cyclisation reaction 
may be attributed to the electron-releasing properties of the methoxy substituent serving 
to decrease the electrophilic capacity of the nitro group despite the meta relationship of 
the two subsfltuents. Alternatively, despite the long-range of the effect involved, the 
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inhibiting effect of the methoxy group on this reaction [(301 b) -* (302 b)} may be due 
to its acid-weakening effect on the amino group. 
Attention was next focussed (Scheme 92) on the investigation of the effect of 
electron-withdrawing substituents on the pyrazolo[3,4 - ]cinnolin- 1  (3th-one 5-a-oxide 
synthesis. As with the examples already discussed (Scheme 91), all of the chosen 
substituents were meta with respect to the nitro group and PM with respect to ethyl 
cyanoacetate side-chain in the starting compounds (237 d-f). The synthesis of which 
has already been described in Chapter 3. Reaction (Scheme 92) of ethyl 2-(4-chloro-2-
nilrophenyl)-2-cyanoacetate (237 d) with hydroxylamine hydrochloride in the presence 
of sodium carbonate gave a high yield (84 %) of the amidoxime derivative (300 d). 
Cyclisation of the latter using the usual conditions (ethanolic sodium ethoxide) afforded 
an excellent yield (90 %) of the corresponding isoxazolone compound (301 d). Base-
catalysed cydisation of the aminoisoxazolone (301 d) to give the anticipated 7-
chioroisoxazolocinnolinone N-oxide (302 d) was also accomplished without problems 
in near quantitative yield (97 %). When the more electronegative trifluoromethyl 
substituent was present in the starting material (237 e) it was found to have a marked 
effect on the reactivity of the various synthetic intermediates in the isoxazolocinnolinone 
N-oxide synthesis. Thus, treatment of the ethyl cyanoacetate derivative (237 e) with 
hydroxylamine hydrochloride in the presence of sodium carbonate gave the 
corresponding amidoxime (300 e) in relatively low yield (41 %). The inefficiency of 
this reaction stands in marked contrast to the efficiency of the amidoxime syntheses 
already described. The behaviour of the trifluoromethyl substituted amidoxime (300 e) 
towards cyclisation also differed markedly from that of the other amidoximes (300 a 
and 300 b) and (300 d) discussed so far. When the trifluoromethyl substituted 
amidoxime (300 e) was subjected to the usual conditions for formation of the 
isoxazolone (ethanolic sodium ethoxide), none of the expected product (301 e) was 
isolated. Instead, chromatography of the resulting mixture gave a modest yield (34 %) 
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identifiable product. The isoxazolocinnolinone derivative (302 e) analysed correctly 
and showed spectroscopic properties consistent with its assigned structure. The direct 
formation of the isoxazolocinnolinone N-oxide (302 e) from the amidoxime (300 e), 
under mild conditions normally only conducive to aminoisoxazolone formation, can be 
attributed to the strongly electron-withdrawing character of the trifluoromethyl 
substituent. This will tend to facilitate spontaneous cycisation of the aminoisoxazolone 
intermediate (301 e) by both increasing the electrophilic capacity of the nitro group and 
exerting an acid-strengthening effect on the amino substituent. Due to time constraints 
at this point, no attempt was made to isolate the presumed trifluoromethyl-substituted 
aminoisoxazolone intermediate (301 e) or to optimise the yield of derived 
trifluoromethylisoxazolocinnolinone N-oxide product (302 e). 
The effect of other strongly electron-withdrawing aryl substituents on the 
course of the isoxazolocinnolinone N-oxide synthesis were investigated and found to 
inhibit amidoxime formation from its cyano ester precursor (Scheme 92). Thus, when 
methyl 2-cyano-2-(2,4-dinitrophenyl)acetate (237 f; Me for Et) was treated with 
hydroxylamine hydrochloride in the presence of sodium carbonate, only the unreacted 
starting material (237 f; Me for Et) was isolated in high yield (91 %). A similar 
situation was encountered in the attempted conversion of methyl 2-cyano-2-(3-
nitropyrid-2-yl)acetate (247) into the corresponding amidoxime derivative (303). 
Treatment of the cyano ester (247) with hydroxylamine hydrochloride in the presence 
of sodium carbonate led to only a high recovery (84 %) of the unreacted cyano ester 
(247). The low reactivity of the cyano ester derivative (247) towards reaction with 
hydroxylamine is presumably a result of the t-deficient character of the pyridine ring 
system. 
The foregoing results show that the utility of the novel synthetic route to the 
previously undescribed isoxazolo[3,4-c.]cinnolin-1(311)-one ring system is limited 
firstly by the inhibiting effect of electron-withdrawing substituents in the aryl ring on 
the initial amidoxime formation from the cyano ester starting material and, secondly, by 
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the reduced efficiency of the final amino-nitro condensation step observed when 
electron-donating substituents are present on the aryl ring. Had time permitted, 
however, it might have been possible to optimise reaction conditions for either type of 
substituent, thus increasing the overall scope and efficiency of isoxazolocinnolinone N - 
oxide synthesis. 
Having developed a reasonably successful route to isoxazolocinnolinone N -
oxide derivatives attention was now directed (Scheme 93) to the deoxygenation of these 
molecules to the parent heterocycles [(283) - (304)] and in both cases to the study of 
their potential isoxazole ring scission reactions as methods for the synthesis of the 
corresponding 3,4-bis-functionalised cinnolines (305) and (306), general synthetic 
routes to which are not currently available. Moreover, it was anticipated (Scheme 93) 
that, depending on the nature of the 3,4-substituents in the isoxazole ring scission 
products (305) and (306), these substrates might in turn provide access to the 
corresponding cinnoline diosphenols (286) and (307) and / or cinnoline quinones (308) 
and (309) the interest in which was already discussed in the preface to Chapter 1. 
Firstly the stability of the isoxazolone ring in the isoxazolocinnolinone N-oxide 
(287) towards selective oxidising agents was briefly investigated. However, it was 
found in practice that the N-oxide (287) was  essentially stable to treatment with 
aqueous alkaline hydrogen peroxide at room temperature and was recovered unchanged 
in high yield (95 %). The use of aqueous sodium hypochiorite was equally ineffective, 
the —N-oxide (287) being recovered once again in high yield (73 %) after treatment with 
this reagent in alkaline solution at low temperature. 
The behaviour of the isoxazolocinnolinone N-oxide (287) towards a number of 
reducing agents was next investigated (Scheme 94) in an attempt either to effect 
deoxygenation, thus affording the parent isoxazolocinnolinone (310), or to achieve 
reductive cleavage of the isoxazolone ring to yield the amino carboxylic acid (311). In 
practice, the attempted catalytic hydrogenation of the N-oxide (287) in the presence of 
10 % palladium-on-charcoal in acetic acid led only to intractable products as did the 
attempted reduction using sodium dithionite in aqueous dimethylformamide. In 
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contrast, using the less powerful reducing agent sodium borohydride gave only a high 
recovery (76 %) of the unreacted isoxazolocinnolinone N-oxide (287). 
At this point, it was decided to attempt the deliberate deoxygenation of the N - 
oxide (287) using reagents known to be specific for this type of transformation. Thus, 
when the N-oxide (287) was heated with triethyl phosphite, a complex mixture was 
formed which, unfortunately, was not amenable to purification by flash-
chromatography. However, the reaction of the N-oxide (287) with phosphorus 
trichloride in refluxing dioxane gave, in addition to a high recovery (85 %) of unreacted 
starting material (287), a low yield (10 %) of a product whose properties and chemical 
transformations were consistent with its formulation as the aminocinnoline carboxylic 
acid N-oxide (311). Thus, it analysed correctly and showed the expected parent ion at 
m/z 205 in its mass spectrum. Moreover, its i.r. spectrum contained bands at 3450- 
2500 cm-1 and 1650 cm-1  attributable to the amino, hydroxy and carbonyl absorption of 
an amino carboxylic acid. The mode of formation of this product from the N-oxide 
(287) on treatment with phosphorus thchloride is unclear but may involve initial 
opening of the isoxazolone ring followed by deoxygenation of the resulting 
hydroxylamine. In view of this possibility, no attempt was made at this stage to 
optimise the yield of this reaction [(287) - (311)]. Instead, attention was diverted to 
the investigation of possible solvolytic ring opening reactions of the isoxazolone ring 
(Scheme 95). 
The isoxazolocinnolinone N-oxide (287) was, in practice, found to be very 
stable towards acid-catalysed hydrolysis. Heating the N-oxide (287) with concentrated 
hydrochloric acid in ethanol resulted only in the recovery (95 %) of unreacted starting 
material (287). In contrast however, heating the isoxazolocinnolinone N-oxide (287) 
with 20 % 	aqueous potassium hydroxide gave a low yield (27 %) of 3- 
aminocinnoline-4-carboxylic acid 1-N-oxide  (311) identical in all respects to an 
authentic sample obtained before. This transformation is rather surprising in that the 
hydroxyamino carboxylic acid (312) expected as the initial product from hydrolysis of 
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medium. Unfortunately, a lack of time prevented a more thorough investigation of the 
detailed course of this transformation [(287) - (311)]. 
The attempted solvolysis of the isoxazolocinnolinone N-oxide (287) using 
ethanolic sodium ethoxide was hoped to afford the hydroxyamino ester (313). 
However the reaction was unsuccessful and only unreacted starting material (287) was 
recovered in high yield (95 %). Surprisingly though, in what was actually an attempt 
to open the isoxazolone ring in the N-oxide (287) to give a hydrazide derivative (314), 
heating with hydrazine monohydrate in ethanol yielded the 3-aminocinnoline-4-
carboxylic acid 1-N-oxide (311) essentially quantitatively (98 %). This reaction is 
somewhat unusual. Although hydrazine is known to act as a reducing agent  74 (the 
active species being diimide), mechanistically the transformation [(287) -* (311)] 
cannot be easily rationalised. One possibility (Scheme 95) is that, after initial ring-
opening, the resulting hydroxyamino hydrazide derivative (314) suffers concomitant 
hydrolysis and reduction thus giving rise to the amino carboxylic acid (311). 
Since the transformation [(287) -~ (311)] induced by hydrazine represented an 
efficient method for the synthesis of a 3,4-bis-functionalised cinnoline derivative from 
the isoxazolocinnolinone N-oxide (287), it was decided to investigate the scope of this 
novel process (Scheme 96) using the other isoxazolocinnolinone N-oxides (302 a, b, d 
and e) which were already to hand. In all cases, reaction of the corresponding 
isoxazolocinnoljnone N-oxide (302 a, b, d and e) with hydrazine monohydrate in 
ethanol afforded the respective 3-aminocinnoline-4-carboxylic acid derivative (315 a, b, 
d and e) largely in excellent yield (>90 %). The only exception was 7-
methoxyisoxazo1o[3,4-]cinnolin- 1(3H)-one 5-N-oxide (302 b) which was converted 
into the corresponding 3-aminocinnoline-4-carboxylic acid derivative (315 b) in only 
moderate yield (50 %). In this case, the exceptional water solubility of the product 
(315 b) may account for the lower yield of isolated material. Interestingly, the 
isoxazolone ring in the N-methylisoxazolocinnolinone N-oxide (299) was also readily 
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(316) in high yield (83 %). 
In addition to analytical and spectroscopic evidence for structures of the 3-
aminocinnoline-4-carboxylic acid 1-N-oxides (315 a, b, d and e), further structural 
proof (Scheme 97) came from the reaction of the parent unsubstituted compound (311) 
with acetic anhydride. This reaction gave the tricyclic 3-methyloxazino[4,5-cinnolin-
1-one 6-hi-oxide (318) in excellent yield (96 %). Formation of this product is readily 
explained by cycisation of an intermediate N-acyl species (317) with concomitant loss 
of water to produce the oxazine ring. The reaction (Scheme 97) of the 
oxazinocinnolinone hl-oxide (318) with hydrazine monohydrate in ethanol led to its 
transformation into 2-aminopyrir ido[4,5 - ]cinnolin-1(2ff)-one (320) in moderate yield 
(41 %), formation of which is explicable by initial formation of a hydrazide 
intermediate (319) which is then cyclised to give the fused pyrimidine derivative (320). 
Also formed in moderate yield (44 %) by this reaction was the amino carboxylic acid 
derivative (311). The structures of the oxazinocinnolinone N-oxide (318) and derived 
pyrirnidocinnolinone hi-oxide (320) were fully substantiated by their analytical and 
spectroscopic properties. The co-formation of the amino carboxylic acid derivative 
(311) in the reaction of the oxazinocinnolinone hi-oxide (318) with hydrazine may be 
attributed to the hydrolysis of the presumed hydrazide intermediate (319) in competition 
with its cydisation to give the pyrimidocinnolinone N-oxide (320). 
Now a synthetically useful route to 3,4-bis-functionalised cinnoline 1-N-oxides 
had been developed attempts were next made (Scheme 98) to manipulate 3-
aminocinnoline-4-carboxylic acid 1-N-oxide (311) towards a 3,4-dioxygenated system. 
Preliminary attempts were made (Scheme 96) to transform the amino group in the -N-
oxide (311) into a hydroxyl substituent by direct hydrolysis or by hydrolysis 
subsequent to diazotisation. Unfortunately, neither of these approaches was 
successful. Attempted hydrolysis of the aminocinnoline (311) by heating with 2M 
aqueous sodium hydroxide gave only a high recovery (86 %) of the unreacted starting 
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by diazotising the aminocinnoline (311) with sodium nitrite in 10 % V//V aqueous 
hydrochloric acid, gave predominantly intractable gums in conjunction with a low 
recovery (17 %) of the unreacted starting material (311). Using different diazotisation 
conditions, involving the reaction of the aminocinnoline (311) with sodium nitrite in a 
mixture of concentrated sulphuric acid and glacial acetic acid, gave only material whose 
t.l.c. over silica showed it to be a complex mixture. 
In view of the failure to convert the aminocinnoline carboxylic acid N-oxide 
(311) into the hydroxy compound (32 1) by direct hydrolysis or by hydrolysis of the 
diazonium derivative, it was next decided to investigate the analagous transformations 
of the parent deoxygenated aminocinnoline carboxylic acid (322). It was hoped that the 
amino substituent of the latter compound might behave in a more orthodox manner 
towards hydrolysis or hydrolysis following on diazotisation. Unfortunately, this 
approach was thwarted by the failure of attempts (Scheme 98) to convert the N-oxide 
(311) into the parent aminocinnoline carboxylic acid (322). Thus, the attempted 
reduction of the N-oxide (311) using hydrogen over palladium-on-charcoal was 
without effect, the starting material (3 11) being recovered in high yield (89 %). 
Conversely the attempted reduction of the N-oxide (311) by heating under reflux with 
sodium dithionite in aqueous dimethylformamide resulted in both deoxygenation and 
concomitant decarboxylation to give the known 75  3-aminocinnoline (323) in moderate 
yield (48 %). This product had a melting point close to that of the literature value 75 
and gave analytical data and spectroscopic properties consistent with its assigned 
structure. In view of this result, investigations of the chemical reactivity of the 
aminocinnoline carboxylic acid N-oxide (311) were terminated at this point. 
In view of the previous demonstration (see Schemes 89-92) of the ready base-
catalysed cyclisation of 3-amino-4-(2-nitroaiyl)isoxazol-5(2j)-ones to the 
corresponding isoxazolo[3,4-]cinnolin-1(3jj)-one 5 -N-oxides, it was considered to be 
of interest (Scheme 99) to ascertain if 3-amino-4-(2-nitrophenyl)isoxazole (324) itself 
would undergo an analagous cyclisation to give the simple isoxazolo[3,4-ç]cinnoline 5-
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the cyano aldehyde derivative (266) and / or the related enamine (27 1) with 
hydroxylamine as possible methods for the synthesis of the required aminoisoxazole 
(324). Both the cyano aldehyde (266) and the enamine derivative (27 1) were readily 
accessible by synthetic methods already described in Chapter 3. 
Initially, an attempt was made to convert the cyano aldehyde (266) into the 
aminoisoxazole (324) by reaction with hydroxylamine hydrochloride in the presence of 
sodium carbonate. However, these conditions gave no identifiable material. In 
contrast, similar conditions when applied to the enamine (27 1) resulted only in the 
recovery of unreacted enamine (27 1) in good yield (77 %). However, heating the 
enamine (271) with hydroxylamine hydrochloride in aqueous ethanol afforded, in 
addition to a small amount of 2-nitrophenylacetonitrile, a moderate yield (55 %) of the 
required aminoisoxazole (324). This previously unknown compound analysed 
correctly and showed spectroscopic absorbances entirely consistent with its assigned 
structure. Disappointingly, the attempted cycisation of this compound (324) catalysed 
by sodium hydride, under conditions which were successful for the related isoxazolone 
derivative (288), gave only complex mixtures which yielded no identifiable material. 
The failure of this process [(324) -+ (325)] contrasts with the successful cyclisation of 
the corresponding isoxazolone [(288) - (287)] and may be related to the lower acidity 
of the amino group in the isoxazole (324) compared with that of the isoxazolone (288). 
However, confirmation of this postulate awaits the outcome of further studies on such 
catalysed heterocyclisation reactions. 
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Experimental Section 
General Experimental Details 
For general experimental details see Chapter 2, page 83. 
Ethyl 2-van2-(2-nitroaryl)acetates (237) 
Ethyl 2-cyano-2-nitroarylacetates (237) were prepared as described before in 
Chapter 3. 
2-Ethoxvcarbonyl-2-(2-nitroaryl)acetamjdoximes 
A solution of the corresponding ethyl 2-cyano-2-(2-nitroaryl)acetate (0.02 mol) 
in anhydrous ethanol (50.0 ml) was stirred at room temperature with exclusion of 
atmospheric moisture and treated with a solution of hydroxylamine hydrochloride 
(7.0 g; 0.1 mol) in anhydrous ethanol (150 ml) followed by solid anhydrous sodium 
carbonate (5.3 g; 0.05 mol). The resulting suspension was then stirred at room 
temperature with exclusion of atmospheric moisture for 24 h and worked up as 
described for the individual reactions below. 
(i) 2-Ethoxvcarbonyl-2-(2-nitrophenyl)acetamjdoxjme (289) 
The mixture was evaporated and the residue treated with water (50.0 ml). The 
insoluble solid was collected, washed with water and dried in vacuo to afford 2-
ethoxycarbonyl-2-(2-nitrophenyl)acetamjdoxjme (289) (88 %) which formed colourless 
prisms, m.p. 151-153 0  (from ethanol), Dmax 3480 and 3380 (NH), 3260 (br) (OH), 
1740 (C=O), 1680 (C=N) and 1520 and 1340 (NO 2) cm-1, 6H [(CD 3)2S0] 9.48 (1H, 
s, OH) (exch.), 8.12-7.99 (1H, m, ArH), 7.89-7.46 (3H, m, ArH), 5.67 (2H, s, 
NH2) (exch.), 5.00 (1H, s, CH), 4.10 (1H, q, J 7 Hz, CH), 4.07 (1H, q, J 7 Hz, 
CH) and 1.26 (3H, t, J 7 Hz, CH3), 	[(CD 3)2S0} 168.4 (quat.), 149.5 (quat.), 
148.8 (quat.), 137.7 (CH), 131.5 (quat.), 131.0 (CH), 128.9 (CH), 124.6 (CH), 60.8 
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(CH2), 50.2 (CH) and 14.0 (CH 3).- 
Found: C,49.1; H, 4.9; N,15.7 %; m/z (El ms), 267 (M). 
Cii H13 N3 05 requires: C, 49.4; H, 4.9; N, 15.7 %; M, 267. 
2-Ethoxycarbonvl-2-(4-methyl-2-nitrophenyl)acetaniidoxjme (300 a) 
The mixture was evaporated and the residue treated with water (50.0 ml). The 
insoluble solid was collected, washed with water and dried in vacuo to afford 2-
ethoxycarbonyl-2-(4-methyl-2-niirophenyl)acetanijdox.jme (300 a) (78 %) which 
formed colourless prisms, m.p. 151-153 0 (from ethanol), Dmax 3500 and 3400 (NH), 
3270 (br) (OH), 1745 (C=O), 1690 (C=N) and 1530 and 1360 (NO 2) cm, 
5 [(0)SO] 9.43 (1H, s, OH) (exch.), 7.87 (1H, rn, ArH), 7.60 (1H, dd Jortho 
8 Hz, Jmeta 2 Hz, ArH), 7.44 (1H, d, Jortho 8 Hz, ArH), 5.64 (2H, s, NH2) (exch.), 
4.95 (1H, s, CH) (exch.), 4.17 (1H, q, J 7 Hz, CH), 4.09 (1H, q, J 7 Hz, CH), 
2.41 (3H, s, CH3) and 1.17 (3H, t, J 7 Hz, CH3 ). 
Found: C, 51.3; H, 5.5; N, 14.8 %; m, (El ms), 281 (M). 
Cu His N3 Os requires: C, 51.3; H, 5.3; N, 15.0 %; M, 281. 
The aqueous mother liquor was neutralised by addition of 2M aqueous 
hydrochloric acid followed by sodium acetate then extracted with methylene chloride to 
give a gum whose t.l.c. in ether over silica showed it to be a multicomponent mixture 
which was therefore not further investigated. 
2-Ethoxvcarbonvl-2-(4methoxy2nitropheny1)acetamidoxjme (300 b) 
The mixture was evaporated and the residue treated with (100 ml). The 
insoluble solid was collected, washed with water and dried in vacuo to give 2-
ethoxycarbonyl-2-(4-methoxy- 2-nitrophenyl)acetamidoxime (300 b) which formed 
colourless prisms (74 %), m.p. 139-141° (from ethanol), Dmax 3480 and 3380 (NH), 
3270 (br) (OH), 1740 (C=0), 1690 (C=N) and 1530 and 1350 (NO 2) cm, 
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&H [(CD3 )2S0] 9.45 (1H, s, OH) (exch.), 7.57-7.38 (3H, m, ArH), 5.64 (2H, s, 
NH2) (exch.), 4.90 (1H, s, CH) (exch.), 4.54 (1H, q, J 7 Hz, C112), 4.52 (1H, q, 
J 7 Hz, CH2) and 1.17 (311, t, J 7 Hz, CH3 ). 
Found: C, 48.2; H, 5.0; N, 14.0 %; m, (El ms), 297 (M). 
C12 His N3 06 requires: C, 48.5; H, 5.1; N, 14.1 %; M, 297. 
The aqueous mother liquor was extracted with methylene chloride to give a 
small amount of waxy solid (0.6 g) which was not further investigated. 
2-(4-Chloro-2-nitrophenyl)-2-ethoxycarbonylacetamjdoxime (300 d) 
The residue was treated with water (50.0 ml) and the insoluble solid collected 
and dried in vacuo to give 2-(4-chloro-2-nitrophenyl)-2-ethoxycaxbonylacetamidoxlme 
(300 d) (84 %) which formed colourless prisms m.p. 152-154 0 (from ethanol), 
l)max 3500 and 3400 (NH), 3200 (br) (OH), 1740 (C=O), 1690 (C=N) and 1530 and 
1360 (NO2) cm, &d [(CD3 )2S0} 9.50 (1H, s, OH) (exch.), 8.14 (1H, d, Jmeta 2 Hz, 
AM), 7.90 (1H, dd, Jortho 9 Hz, Jmeta 2 Hz, ArH), 7.59 (1H, d, Jortho 9 Hz, ArH), 
5.69 (2H, s, NIH2) (exch.), 4.97 (11-1, s, CH), 4.11 (1H, q, J 7 Hz, CH), 4.09 (1H, 
q, J 7 Hz, CH) and 1.17 (3H, t, J 7 Hz, CH3). 
Found: C, 43.7; H, 4.1; N, 13.8 %; m, (El ms), 303 and 301 (M). 
Cii H12 Cl N3 05 requires: C, 43.8; H, 4.0; N, 13.9 %; M, 301.5. 
The aqueous filtrate was neutralised with 2M hydrochloric acid followed by 
sodium acetate then extracted with methylene chloride to give a gum whose t.1.c. in 
methylene chloride over silica showed it to be a complex mixture which was not further 
investigated. 
2-Ethoxvcarbonvl-2(2nitro4.tiifluoromethylphenyl)acemnijdoxjme (300 e) 
The mixture was evaporated and the residue dissolved in water (100 ml) then 
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extracted with methylene chloride to give a waxy semi-solid which was flash-
chromatographed over silica. 
Elution with methylene chloride gave the unreacted starting material (237 e) as a 
yellow oil (11 %) identical (i.r. spectrum) to an authentic sample. 
Further elution with ether gave 2-ethoxycarbonyl-2-(2-nitro-4-
trifluoromethylphenyl)acetamidoxime (300 e) (41 %) which formed pale yellow 
prisms, m.p. 115-117 0 (from toluene), 'Umax 3500 and 3400 (NH), 3320 (br) (OH), 
1730 (C=O), 1670 (C=N) and 1540 and 1320 (NO 2) cm', 6H  [(CD3)2S0] 9.59 (1H, 
s, OH) (exch.), 8.39 (1H, d, Jmeta 1 Hz, ArH), 8.23 (1H, dd, Jortho 8 Hz, 
Jmeta 1 Hz, ArH), 7.82 (1H, d, Jortho 8 Hz, ArH), 5.75 (2H, s, NH 2) (exch.), 5.07 
(1H, s, CH) (exch.), 4.21-4.02 (2H, m, CR 2) and 1.19 (3H, t, J 7 Hz, CR 3). 
Found: m,  (El ms), 335.0735 (M). 
C12 His F3 N3 05 requires: M, 335.0729. 
Final elution with ethyl acetate through to methanol gave no further identifiable 
material. 
2-Ethoxycarbonyl-2-(2-nitrophenyl)acetamidoxime 0-Acetate (290) 
A suspension of 2-ethoxycarbonyl-2-(2-nitrophenyl)acetaniidoxime (289) 
(0.27 g; 0.001 mol) in acetic anhydride (0.5 ml) was heated at 100 0 for 10 mins. 
The mixture was cooled and treated with water (3.0 ml) and the insoluble solid 
collected and dried in vacuo to afford 2-ethoxycarbonyl-2-(2-
nitrophenyl)acetamidoxime Q-acetate (290) (0.28 g; 91 %) which formed colourless 
prisms, m.p. 157-1590 (from glacial acetic acid), 'Umax 3440 and 3420 (NH), 1740 and 
1730 (C=O) and 1530 and 1350 (NO2) cm -1, 6H [(CD3)2S0] 8.14-8.04 (1H, m, 
ArH), 7.85-7.58 (3H, m, ArH), 6.72 (2H, brs, NH 2) (exch.), 5.12 (1H, s, CH), 4.13 
(1H, q, J 7 Hz, CH2), 4.07 (1H, q, J 7 Hz, CR 2), 2.09 (3H, s, CH3) and 1.19 (3H2 
t,J7Hz, CH3). 
Found: C, 50.6; H, 4.9; N, 13.9 %; mi (FAB ms), 310 [(M+H)]. 
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C13 H15 N3 06 requires: C, 50.5; H, 4.9; N, 13.6 %; M, 309. 
The Attempted 0-Ben zylation of 2-Ethoxvcarbonvl-2-(2-nitrophenvl')acetamidoxime 
(289) Using Benzyl Chloride In The Presence of Sodium Hydride 
A solution of 2-ethoxycarbonyl-2-(2-nitrophenyl)acetamidoxime (289) (0.53 g; 
0.002 mol) in anhydrous dimethylformamide (5.0 ml) was added dropwise at room 
temperature with exclusion of atmospheric moisture to a stirred suspension of sodium 
hydride (0.05 g; 0.002 mol) in anhydrous dimethylformamide (2.5 ml) and the mixture 
stirred at room temperature for 24 h. 
The mixture was treated with water (2.0 ml) then evaporated and the residue 
triturated with water (5.0 ml) and the insoluble solid collected and dried in vacuo to 
give 3-amino-2-N-benzyl-4-(2-nitrophenyl)isoxazol5(2H)one (292) (0.52 g;  84 
m.p. 186-1870 (from ethanol), Umax 3400, 3320 and 3190 (NH2), 1690 (C=0) and 
1520 and 1340 (NO2) cm-1,  &H [(CD3)2S0] 7.98-7.36 (1 1H, m, ArH and NH 2) 
(partially exch.) and 4.80 (2H, s, CH2). 
Found: C, 61.6; H, 4.3; N, 13.4%; m,  (El ms), 311 (M). 
C16 H13 N3 04 requires: C, 61.7; H, 4.1; N, 13.3 %; M, 311. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with ethyl acetate but gave no further identifiable material. 
The Attempted Reaction of Methyl 2-Cyano-2-(2.4-dinitrophenyl)acetate (237 f: Me 
for Et) with Hydroxylamine Hydrochloride In The Presence of Sodium Carbonate 
A solution of methyl 2-cyano-2-(2,4-dinitrophenyl)acetate (237 f; Me for Et) 
(0.53 g; 0.002 mol) in anhydrous ethanol (5.0 ml) was stirred at room temperature with 
exclusion of atmospheric moisture and treated with a solution of hydroxylamine 
hydrochloride (0.69 g; 0.01 mol) in anhydrous ethanol followed by anhydrous sodium 
carbonate (0.53 g; 0.005 mol). The resulting suspension was stirred at room 
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temperature for 24 h. 
The mixture was evaporated and the residue treated with water (5.0 ml). The 
resulting solution was acidified with 2M aqueous hydrochloric acid and extracted with 
methylene chloride to give the unreacted starting material (237 f; Me for Et) as an 
orange gum (0.48 g; 91 %) identical (i.r. spectrum and t.l.c. in methylene chloride over 
silica) to an authentic sample. 
Methyl 2-Cvano-2-(3-nitropvrid-2-yl)acetate (247) 
Methyl 2-cyano-2-(3-nitropyrid-2-yl)acetate (247) was prepared as described 
before in Chapter 3. 
The Attempted Reaction of Methyl 2-Cvano-2-(3-nitropvrid-2-yl)acetate (247) with 
Hydroxylamine Hydrochloride In The Presence of Sodium Carbonate 
A suspension of methyl 2-cyano-2-(3-nitropyrid-2-yl)acetate (247) (0.44 g; 
0.002 mol) in anhydrous ethanol (20.0 ml) was stirred at room temperature with 
exclusion of atmospheric moisture and treated with a solution of hydroxylamine 
hydrochloride (0.34 g; 0.005 mol) in anhydrous ethanol (15.0 ml) followed by 
anhydrous sodium carbonate (0.26 g; 0.0025 mol). The resulting suspension was 
stirred at room temperature for 24 h. 
The mixture was evaporated and the residue treated with water (4.0 ml). The 
insoluble brown solid was collected, washed with water and dried in vacuo to give only 
the unreacted starting material (247) (0.37 g; 84 %). m.p. 184-1860, identical (m.p. 
and i.r. spectrum) to an authentic sample prepared previously. 
The aqueous mother liquor was neutralised with 2M aqueous hydrochloric acid 
and sodium acetate then extracted with ethyl acetate to give a waxy semi-solid (0.05 g) 
whose t.l.c. in methylene chloride over silica showed it to be mainly the unreacted 
starting material (247) which therefore was not further investigated. 
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3-Amino-4-(2-nitroaryl)jsoxazol-5(2H)-ones 
(a) A solution of the corresponding 2-ethoxy carbonyl-2-(2-
nitroaiyl)acetamidoxime (0.01 mol) in 2M aqueous sodium hydroxide (12.5 ml) was 
stirred at room temperature for 5 min then worked up as described for the individual 
reactions below. 
3-Amino-4-(2-nitrophenyl)isoxazol-5(2H)-one (288) 
The solution from 2-ethoxycarbonyl-2-(2-nitrophenyl)acetammdoxime (289) was 
acidified with 2M aqueous hydrochloric acid and the precipitated orange solid collected, 
washed with water and dried in vacuo to give 3-amino-4-(2-nitrophenyl)isoxazol-
5(211)-one (288) (80 %) which formed orange plates, m.p. 173-175 0 (from water), 
Umax 3380 and 3310 (NH), 3190-2500 (br) (NH, OH), 1690 (C=O), 1630 (C=N) 
and 1510 and 1350 (NO2) cm- 1, 6H [(CD3)2S0] 11.05 (1H, brs, OH or NH) (exch.), 
7.98-7.32 (411, m, ArH) and 7.18 (2H, s, N112), c [(CD3)2S0] 170.0 (quat.), 
165.0 (quat.), 148.5 (quat.), 133.2 (CH), 132.0 (CH), 127.3 (CH), 125.4 (quat.), 
125.0 (CH) and 77.4 (quat.). 
Found: C, 48.8; H, 3.1; N, 19.1 %; mi (El ms), 221 (M). 
C9 Hi N3 04 requires: C, 48.9; H, 3.2; N, 19.0 %; M, 221. 
The aqueous mother liquor was neutralised with sodium acetate and extracted 
with ethyl acetate to give a waxy semi-solid which was triturated with ether to afford 2-
(2-nitrophenyl)acetamidoxime (295) (3 %), m.p. 135-1370 , identical (m.p. and i.r. 
spectrum) to an authentic sample 73 
3-Amino-4-(4-methyl-2-nitrophenyl)isoxazole..5(2H)..one (301 a) 
The mixture from 2-ethoxycarbonyl-2-(4-methyl-2-nitropheny1)acejdo,thie 
(300 a) was acidified with 2M aqueous hydrochloric acid and extracted with ethyl 
acetate to give a gum which was triturated with ether-ethyl acetate to afford 3-amino-4- 
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(4-methyl-2-nitrophenyl)isoxazol-5(2H)one (301 a) (57 %) which formed yellow 
needles, m.p. 158-1590 (from water), m.p. 158-159 0 (from water), Dmax 3500 and 
3380 (NH), 3200-2500 (br) (NH, OH), 1690 (C=O), 1635 (C=N) and 1530 and 1345 
(NO2) cm1, 8H  [(CD3)2SO] 11.10 (1H, brs, NH or OH) (exch.), 7.79-7.30 (3H, m, 
AM), 7.13 (2H, brs, NH2) (exch.) and 2.39 (3H, s, CH 3). 
Found: C, 51.0; H, 4.0; N, 17.9 %; m, (El ms), 235 (M). 
Cio H9 N3 04 requires: C, 51.5; H, 3.9; N, 17.9 %; M, 235. 
Evaporation of the ether-ethyl acetate mother liquor gave an orange semi-solid 
whose t.l.c. in ether-ethyl acetate (5:1) over silica showed it to be a multicomponent 
mixture which was not further investigated. 
Neutralisation of the acidic mother liquor with 2M aqueous sodium hydroxide 
and glacial acetic acid and extraction with ethyl acetate gave only a negligable amount of 
gum. 
(iii) 3-Amino-4-(4-chloro-4-nitrophenyflisoxazole-5(2H)-one (301 d) 
The mixture from 2-(4-chloro-2-nitrophenyl)-2-ethoxycarbonylacetamjdoxjme 
(300 d) was acidified with 2M aqueous hydrochloric acid. The precipitated solid was 
collected, washed with water and dried in vacuo to afford 3-amino-4-(4-chloro-2-
nitrophenyl)isoxazole-5(2fl)-one (301 d) (88 %), which formed yellow crystals, m.p. 
177-1880  (from ethanol-water), l)max 3480 and 3390 (NH), 3200-2500 (br) (NH, 
OH), 1720 (C=O), 1620 (C=N) and 1520 and 1360 (NO2) cm -1,  6H [(CD3)2SO] 8.02 
(1H, d, Jmeta 2 Hz, ArH), 7.55 (1H, dd, Jortho 8 Hz, Jmeta 2 Hz, ArH), 7.51 (1H, d, 
Jortho 8 Hz, ArH) and 7.24 (2H, s, NH2) (exch.).' 
Found: C, 42.6; H, 2.4; N, 16.7 %; m, (FAB ms), 256 and 258 [(M+H)] 
C9 H6 Cl N3 04 requires: C, 42.3; H, 2.4; N, 16.4 %; M, 255.5. 
The acidic aqueous mother liquor was neutralised with sodium acetate and 
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extracted with ethyl acetate to give a small amount of waxy material which was not 
investigated further. 
(b) A stirred suspension of the corresponding 2-ethoxycarbonyl-2-(2-
nitroaiyl)acetamidoxime (0.04 mol) in anhydrous ethanol (120 ml) was treated with a 
solution of sodium (3.7 g; 0.16 g atom) in anhydrous ethanol (80.0 ml). The mixture 
was stirred at room temperature with exclusion of atmospheric moisture for 10 rnin then 
worked up as described for the individual reactions below. 
3-Amino-4-(2-nitrophenyl')jsoxazoI5(2H)one (288) 
The suspension from 	 (289) 
was filtered and the collected sodium salt dissolved in water (10.0 ml). The resulting 
solution was acidified with 2M aqueous hydrochloric acid and the precipitated orange 
solid collected, washed with water and dried in vacuo to give 3-amino-2-(2-
nitrophenyl)isoxazol-5(2jj)-one (288) (91 %), m.p. 157-1600 , identified by 
comparrison (m.p. and i.r. spectrum) with an authentic sample prepared in (a) before. 
Further work up of the ethanolic mother liquor gave no other identifiable 
material. 
3-Amino-4-(4-methyl-2-nitrophenyl')jsoxazol..5(2H)one (301 a) 
The suspension from 2-ethoxycarbonyl-2-(4-methyl-2-
nitrophenyl)acetamidoxime (300 a) was filtered and the collected sodium salt dissolved 
in water (10.0 ml). The resulting solution was acidified with 2M aqueous hydrochloric 
acid and the precipitated yellow solid collected, washed with water and dried in vacuo 
to afford 3 -amino-4-(4-methyl-2-niirophenyl)jsoxazol5(2thone (301 a) (80 %), m.p. 
150-1530, identical (m.p. and i.r. spectrum) to an authentic sample prepared in (a) 
before. 
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3-Amino-4-(4.-chloro-2-nitrophenyl)isoxazol-5(2H)-one (301 d) 
The suspension from 2-(4-chloro-2-nitrophenyl)-2-
ethoxycarbonylacetamidoxime (300 d) was filtered and the collected sodium salt 
dissolved in water (10.0 ml). The resulting solution was acidified with 2M aqueous 
hydrochloric acid and the precipitated yellow solid collected, washed with water and 
dried in vacuo to afford 3-amino-4-(4-chloro-2-nitrophenyl)isoxazol-5(2J)-one (301 d) 
(90 %) which formed yellow needles, m.p. 177-178 0 (from water), identical (m.p. and 
i.r. spectrum) to an authentic sample prepared in (a) before. 
The ethanolic mother liquor was evaporated and the residue treated with water 
(20.0 ml). The resulting solution was evaporated and the residue treated with water 
(20.0 ml). The resulting solution was acidified with 2M aqueous hydrochloric acid and 
extracted with methylene chloride to give a gum whose t.l.c. in ether over silica 
showed it to be a multicomponent mixture which therefore was not further investigated. 
3-Amino-4-(4-methoxy-2-nitrophenyflisoxazol-5(2H)-one (301 b 
The suspension from 2-ethoxycarbonyl-2-(4-methoxy-2-
niirophenyl)acetamidoxime (300 b) was filtered and the collected sodium salt treated 
with 2M aqueous hydrochloric acid (20.0 ml). The insoluble yellow solid was 
collected, washed with water and dried in vacuo to afford 3-amino-4-(4-methoxy-2-
nitropheñyl)isoxazol-5(2jj)-one (301 b) (71 %), which formed orange prisms, m.p. 
95-1000  (decomp.) (from water), 'Umax 3440 and 3300 (NH), 3240-2500 (br) (NH, 
OH), 1720 (C=O), 1680 (C=N) and 1520 and 1350 (NO2) cm-1, [(CD3)2S0] 
11.00 (1H, brs, NH) (exch.), 7.50-7.29 (3H, m, ArH), 7.07 (2H, brs, NH) and 3.86 
(3H, s, CH3). 
Found: m, 	ms), 251.0536 (M) 
Cio H9 N3 05 requires: M, 251.0542. 
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Work up of the ethanolic mother liquor by evaporation and acidification of the 
residue gave no further identifiable material. 
(v) 7-Trifluoromethylisoxazolo[3.4-c]cinnolin- 1(3H)-one 5-N-oxide (302 e) 
The mixture from 2-ethoxycarbonyl-2-(4-trifluoromethyl-2-
nitrophenyl)acetamidoxime (300 e) was evaporated and the residue treated with 2M 
aqueous hydrochloric acid (25.0 ml) and extracted with ethyl acetate to give a three 
phase system which was filtered to give a brown solid which was combined with 
further material obtained by evaporating the organic extract The total combined 
material was flash-chromatographed over silica. 
Elution with methylene chloride gave 7-trifluoromethylisoxazolo[3,4- 
]cinnolin-1(31j)-one 5 -N-oxide (302 e) (34 %), which formed yellow needles, m.p. 
187-191 0 (decomp.) (from toluene), Dmax 3180 (NH), 1750 (C=0) and 1640 (C=N) 
6 [(CD3)2S0] 8.53 (1H, d, Jmeta 1.6 Hz, ArH), 8.24 (1H, d, Jortho 9 Hz, 
ArH) and 8.15 (1H, dd, Jortho 9 Hz and Jmeta 1.6 Hz, ArH). 
Found: C, 44.3; H, 1.6; N, 15.5 %; m/z  (El ms), 271 (M). 
CIO H4 F3 N3 03 requires: C, 44.3; H, 1.5; N, 15.5 %; M, 271. 
Further elution with methylene chloride through ethyl acetate to methanol gave 
only a series of intractable gums which yielded no other identifiable material. 
3-Amino-2N-methyl-4-(2-njtrophenyl)isoxazol5(2H')..One (296) 
A solution of 3-amino-4-(2-nitrophenyl)isoxazol-5(2H)...one (288) (0.44 g; 
0.002 mol) in anhydrous dimethylformamide (3.0 ml) was added dropwise at room 
temperature to a stirred suspension of sodium hydride (0.05 g; 0.0022 mol) in 
anhydrous dimethylformamide (3.0 ml). The mixture was then stirred at room 
temperature for 15 min.then treated in a single portion with a solution of methyl iodide 
(0.28 g; 0.002 mol) in anhydrous dimethylformamide (3.0 ml) the mixture was then 
stirred at room temperature for 17 h. 
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Water (2.0 ml) was added and the mixture evaporated. The residue was treated 
with water (3.0 ml) and the solution acidified with 2M aqueous hydrochloric acid. The 
precipitated solid was collected, washed with water and dried in vacuo to give 3-amino-
2-methyl-4-(2-nitrophenyl)isoxazol-5(2-one (296) (0.41 g; 87 %) which formed 
yellow prisms, m.p. 201-2030 (from ethanol), Umax 3470 and 3310 (NH), 1700 
(C=O) and 1530 and 1360 (NO2) cm- 1, 5 [(CD3)2S0] 8.02-7.36 (4H, m, AM), 7.39 
(2H, brs, N}{2) (exch.) and 3.23 (3H, s, CH 3), 8 [(CD 3)2S0] 167.8 (quat.), 166.5 
(quat.), 148.5 (quat.), 133.2 (CH), 132.2 (CH), 127.6 (CH), 124.9 (CH), 78.3 
(quat.) and 40.3 (CH 3). 
Found: C, 51.0; H, 3.9; N, 17.9 %; m, (El ms), 235 (Mt). 
Cio H9 N3 04 requires: C, 51.1; H, 3.8; N, 17.9 %; M, 235. 
3-Acetylamino.4.(2-nitrophenyl)isoxazol-5(2H)-one (297) 
A solution of 3-amino-4-(2-nitrophenyl)isoxazol-5(2)-one (288) (0.44 g; 
0.002 mol) in acetic anhydride (5.0 ml) was heated under reflux with exclusion of 
atmospheric moisture for 1 h. 
The mixture was cooled and evaporated to give 3-acetylamino-4.(2-
nitropheny1)isoxazol-5(2-one (297) (0.51 g; 97 %), which formed yellow crystals, 
m.p. 212-2140 (from glacial acetic acid-water), Umax 3380 (NH), 3200 (br) (NH, 
OH), 1700 (C=0) and 1625 (C=N) and 1520 and 1350 (NO 2) cm', 6H  [(CD3)2S0] 
8.10-7.44 (4H, m, ArH), 7.93 (2H, brs, NH 2) (exch.) and 2.38 (3H, s, CH 3). 
Found: C, 50.1; H, 3.4; N, 16.1 %; m, (El ms), 263 (Mt). 
Cii H9 N3 05 requires: C, 50.2; H, 3.4; N, 16.0 %; M, 263. 
The Attempted Cyclisation of 3-Amino-4-(2-nitrophenvl)isoxazol-5(2H)-one (288) 
Using 2M Aqueous Sodium Hydroxide at Room Temperature 
A solution of 3-amino-4-(2-nitrophenyl)isoxazol-5(2H)one (288) (0.44 g; 
0.002 mol) in 2M aqueous sodium hydroxide (2.5 ml) was stirred at room temperature 
for 48 h. 
The resulting solution was acidified with 2M aqueous hydrochloric acid and the 
precipitated orange solid collected, washed with water and dried in vacuo to afford the 
unreacted starting material (288) (0.42 g; 95 %), m.p. 162-1640 , identical (m.p. and 
i.r. spectrum) to an authentic sample prepared before. 
2-(2-NitroDhenyl)acetamidoxime-2-carboxylic Acid (298) 
A solution of 3-amino4-(2-nitrophenyl)isoxazol-5(21D-one (288) (0.44 g; 
0.002 mol) in ethanol (10.0 ml) was treated with 2M aqueous sodium hydroxide 
(4.0 ml) and the mixture heated under reflux for 30 mm. 
The mixture was concentrated to one thud of its original volume then acidified 
with 2M aqueous hydrochloric acid. The precipitated yellow solid was collected, 
washed with water and dried in vacuo to give 2-(2-nitrophenyl)acetamidoxime-2-
carboxylic acid (298) (0.40 g; 84 %) as a yellow solid, m.p. 159-161 0, Dmax 3490, 
3420, 3380 and 3240 (NH), 3200-2500 (br) (NH, OH), 1700 (C=O), 1625 (C=N) 
and 1530 and 1350 (NO2) CM-1,  5H  [(CD3)2SO] 11.20 (1H, brs, OH) (exch.), 8.46-
7.43 (5H, m, ArH and CH), 7.35 (2H, s, NH2) (exch.) and 4.13 (1H, brs, OH) 
(exch.), which was reconverted by attempted purification by crystallisation from either 
water or hexane-ethyl acetate into the aminoisoxazolone starting material (288), 
identified by comparnson (i.r. spectrum) to an authentic sample. 
3-Amino-4-(2-nitrophenyl)isoxazol-5(2H)one (288) (0.44 g; 0.002 mol) 
was treated with a solution of sodium hydroxide (0.40 g; 0.01 mol) in methanol 
(10.0 ml) and the resulting solution heated under reflux for 30 mm. 
The mixture was cooled and the precipitated salt collected, dissolved in water 
and treated with 2M aqueous hydrochloric acid. Thre precipitated orange solid was 
collected, washed with water and dried in vacuo to give the unreacted starting material 
(2 88) (0.04 g; 10 %), m.p. 146-147 0 , identical (m.p. and i.r. spectrum) to an authentic 
NEII 
sample 
The methanolic mother liquor was concentrated then acidified with 2M aqueous 
hydrochloric acid and the precipitated yellow solid collected, washed with water and 
dried in vacuo to afford 2-(2-nitrophenyl)acetamidoxime-2-carboxylic acid (298) 
(0.35 g; 73 %), m.p. 159-161 0, identical (m.p. and is. spectrum) to an authentic 
sample prepared in (a) before. 
A solution of 3-amino-4-(2-nitropheny1)isoxazol-5(2-one (288) (0.44 g; 
0.002 mol) in methanol (5.0 ml) was treated with a solution of sodium (0.18 g; 
0.008 g. atom) in methanol (5.0 ml). The mixture was then heated under reflux with 
exclusion of atmospheric moisture for 30 mm. 
The resulting suspension was filtered hot and the insoluble sodium salt 
dissolved in water (2.0 ml). The resulting solution was acidified with 2M aqueous 
hydrochloric acid and the precipitated solid collected, washed with water and dried i n  
vacuo to afford the unreacted starting material (288) (0.04 g; 9 %), m.p. 158-161 0 , 
identical (m.p. and i.r. spectrum) to an authentic sample. 
The methanolic mother liquor was evaporated and the residue dissolved in 
water. The resulting solution was acidified with 2M aqueous hydrochloric acid and the 
precipitated solid collected, washed with water and dried in vacuo to afford 2-(2-
nitropheny1)acetamidoxime2-caxboxylic acid (298) (0.34 g;  71 %), m.p. 142-1450 , 
identified by comparrison (m.p. and i.r. spectrum) with an authentic sample prepared in 
(a) before. 
A solution of 3-amino-4-(2-nitrophenyl)isoxazo1-5(2H)one (288) (0.44 g; 
0.002 mol) in ethanol (10.0 ml) was treated with 2M aqueous hydrochloric acid 
(2.5 ml) and the mixture heated under reflux for 26 h. 
The mixture was concentrated to c.a. one quarter of the original volume then 
extracted with methylene chloride. At this point an insoluble yellow solid was removed 
by filtration, washed with water and dried in vacuo to give 2-(2- 
nitrophenyl)acetamidoxime-2-carboxylic acid (298) (0.33 g; 69 %), m.p. 158-161 0, 
identical (m.p. and i.r. spectrum) to a sample prepared in (a) before. 
Evaporation of the methylene chloride extract gave only a small amount of gum 
(0.04 g) whose t.I.c. in ether over silica showed it to be a complex mixture which was 
not further investigated. 
2-Ethoxvcarbonyl-2-(2-nitrophenyl')acetamidoxime (289) 
A solution of 2-(2-nitrophenyl)acetamidoxime-2-carboxylic acid (298) (0.44 g; 
0.002 mol) in anhydrous ethanol (5.0 ml) was treated with concentrated sulphuric acid 
(1.0 ml) and the mixture heated under reflux for 6 h. 
The mixture was cooled and concentrated to one third of its original volume 
then diluted with water (10.0 ml) and extracted with methylene chloride. The extract 
was twice washed with 10 % W/ aqueous sodium bicarbonate (5.0 ml), dried then 
evaporated to afford a solid which was combined with a second crop obtained by 
neutralising the aqueous mother liquor with 2M sodium hydroxide and glacial acetic 
acid, washing with water and drying in vacuo to give 2-ethoxycarbonyl-2-(2-
nitrophenyl)acetamidoxime (289) (0.15 g;  28 %), m.p. 131-1320 , identical (m.p. and 
i.r. spectrum) to an authentic sample prepared before. 
Further work up of the aqueous sodium bicarbonate mother liquor gave no 
further identifiable material. 
The Attempted Cyclisation of 3-Amino-4-(2-nitrophenvl)isoxazol-5(2H)-one (288) 
Using Benzylirimethylammoniurn Hydroxide In Methanol 
A solution of 3-amino-4-(2-nitrophenyl)isoxazo1-5(2one (288) (0.44 g; 
0.002 mol) in methanol (10.0 ml) was treated with 40 % W/w 
benzylirimethylammonium hydroxide in methanol (10.0 ml) and the mixture heated 
under reflux for 24 h. 
The mixture was evaporated and the residue treated with 2M aqueous 
hydrochloric acid then extracted with methylene chloride to give a brown semi-solid 
which was combined with a gum obtained by neutralising the aqueous mother liquor 
with 2M aqueous sodium hydroxide followed by glacial acetic acid then extracting with 
methylene chloride to give a gum (0.2 g) whose t.l.c. in ethyl acetate over silica 
showed it to be a mixture of the unreacted starting material (28 8) and isoxazolo[3,4-
c]cinnolin-7(3JJ)-one 5-i-oxide (287). No attempt was made to separate the gum into 
its components. 
Isoxazolo[3..4-c]cjnnoljn- 1 (3H)-one 5-N-Oxide (287) 
A solution of 2-ethoxycarbonyl-2-(2-nitrophenyl)acetamidoxime (289) 
(0.53 g; 0.002 mol) in 2M aqueous sodium hydroxide (4.0 ml) was heated under reflux 
for 30 mm. 
The mixture was cooled, acidified with 2M aqueous hydrochloric acid then 
extracted with ethyl acetate to give a foam (0.4 g) which was flash-chromatographed 
over silica. 
Elution with methylene chloride gave isoxazolo[3,4-c]cinnolin-l(3th-one 5-Ii-
oxide (287) (0.05 g; 12 %) which formed yellow needles, m.p. 179-185 0 (decomp.) 
(from acetonitrile), ljmax 3200-2500 (br) (NH, OH) and 1780 (C=O) cm -1 , 
[(0S0] 8.76-7.30 (4H, m, AM) and 5.84 (1H, brs, NH or OH) (exch.). 
Found: C, 53.1; H, 2.8; N, 20.6 %; mi (El ms), 203 (M). 
C9 H5 N3 03 requires: C, 53.2; H, 2.5; N, 20.2 %; M, 203. 
Further elution with methylene chloride through ethyl acetate to methanol gave 
only intractable gums (0.2 g) which were not further' investigated. 
Additional work up of the aqueous mother liquor gave no other material. 
A solution of 3-amino-4-(2-nitrophenyl)isoxazol-5(2H)-one (288) (0.44 g; 
0.002 mol) in anhydrous ethanol (5.0 ml) was treated with a solution of sodium 
283 
A 18 g; 0.008 g. atom) in anhydrous ethanol (5.0 ml) and the mixture heated under 
reflux for 30 mm. 
The resulting suspension was cooled and the insoluble sodium salt collected and 
treated with 2M aqueous hydrochloric acid (2.0 ml). The insoluble solid was collected, 
washed with water and dried in vacuo to afford only the unreacted starting material 
(288) (0.38 g; 89 %), m.p. 1631650, identical (m.p. and i.r. spectrum) to an authentic 
sample. 
The ethanolic mother liquor was evaporated and the residue treated with water 
(4.0 ml). The resulting solution was acidified with 2M aqueous hydrochloric acid and 
the precipitated solid collected, washed with water and dried in vacuo to give 
isoxazolo[3,4-cjcinnolin-1(3E)-one 5--oxide(287) (0.01 g; 2 %), m.p. 1760 
(decomp.), identical (m.p. and i.r. spectrum) to an authentic sample. 
3-Methylisoxazolo[3,4-cicjnnoljn.. 1 (3H)-one 5-N-Oxide (299) 
A solution of isoxazolo[3,4-]cinnolin- 1 (3fl)-one 5-a-oxide (287) (0.41 g; 
0.002 mol) in anhydrous dimethylformamide (5.0 ml) was added dropwise to a stirred 
suspension of sodium hydride (0.05 g; 0.0022 mol) in anhydrous dimethylformamide 
(2.5 ml). The mixture was stirred at room temperature for 15 min with exclusion of 
atmospheric moisture then treated with a solution of methyl iodide (0.31 g; 0.0022 mol) 
in anhydrous dimethylformamide (2.5 ml). The mixture was then stirred at room 
temperature with exclusion of atmospheric moisture for 24 h. 
The mixture was treated with water (2.0 ml) then evaporated and the residue 
was treated with water (5.0 ml). The insoluble orange solid was collected, washed 
with water and dried in vacuo to afford 3-methylisoxazolo[3,4-]cinnolin7(3one 5-
fl-oxide (299) (0.34 g; 78 %) which formed orange prisms, m.p. 203-204 0 (from 
glacial acetic acid-water), Umax 1750 (C=O) cm, 6H [(CD 3)2S0] 8.45 (1H, d, 
Jortho 9 Hz, ArH), 8.26 (1H, d, Jortho 8 Hz ArH), 8.07 (1H, dd, Jortho 8 Hz and 
Jortho 8 Hz, ArH), 7.81 (1H, dd, Jortho 8 Hz and Jortho 8 Hz, ArH) and 3.54 (3H, 5, 
CH3). 
Found: C, 55.4; H, 3.2; N, 19.8 %; m, (El ms), 217 (Mt). 
Cio H7 N3 03 requires: C, 55.3; H, 3.2; N, 19.4 %; M, 217. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with ethyl acetate to give unreacted starting material (287) (0.06 g; 15 %), 
m.p. 183-1860 (decomp.), identical (m.p. and i.r. spectrum) to an authentic sample 
prepared before. 
The Attempted Cyclisation of 3-Amino-4-(2-nitrophenvl)isoxazol-5(2H)-one (288) 
Using Sodium Hydride in Dimethylformamide at 100 0 for 1 h 
A solution of 3-amino-4-(2-nitrophenyl)isoxazol-5(2H)one (288) (0.44 g; 
0.002 mol) in anhydrous dimethylformamide (5.0 ml) was added dropwise at room 
temperature with exclusion of atmospheric moisture to a stirred suspension of sodium 
hydride (0.01 g; 0.004 mol) in anhydrous dimethylformamide (50 ml). The mixture 
was then stirred at room temperature for 15 min then heated at 100 0 for 1 h. 
The mixture was cooled, treated with water (2.0 ml) then evaporated. The 
residue was treated with water (3.0 ml) and the resulting solution acidified with 2M 
aqueous hydrochloric acid and extracted with ethyl acetate to give an oil which gave on 
succesive trituration with ether-ethyl acetate then ether-methylene chloride, the 
unreacted starting material (288) (0.31 g; 70%), m.p. 162-1650 , identical (m.p. and 
i.r. spectrum) to an authentic sample prepared before. 
Evaporation of the ethereal mother liquors gave an oil (0.10 g) whose t.l.c. in 
ethyl acetate over silica showed it to contain further starting material (288) and 
consequently was not further investigated. 
Isoxazolol3.4-c]cinnolin- 1 (3H)-one 5-N-Oxides 
(a) Isoxazolo[3,4-cicinnolin.. I (3H)-one 5-N-Oxide (287) 
A solution of 3-amino-4-(2-nitrophenyl)isoxazol-5(2H)one (288) (0.44 g; 
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0.002 mol) in anhydrous dimethyllonnamide (5.0 ml) was added dropwise, at room 
temperature with exclusion of atmospheric moisture, to a stirred suspension of sodium 
hydride (0.01 g; 0.004 mol) in anhydrous dimethylformamide (5.0 ml) and the mixture 
stirred at room temperature for 15 min then heated at 100 0 for 17 h. 
The mixture was cooled and treated with water (2.0 ml) then evaporated. The 
residue was treated with water (3.0 ml) and the resulting solution was acidified with 
2M aqueous hydrochloric acid. The precipitated solid was collected, washed with 
water and dried in vacuo to afford isoxazolo[3,4 -Q]cinnolin-1(3fl)-one 5 -N-oxide 
(287) (0.22 g; 54 %), m.p. 162-1650 , identical (m.p. and i.r. spectrum) to an authentic 
sample prepared before. 
The acidic aqueous mother liquor was extracted with ethyl acetate to give a gum 
(0.24 g) whose t.l.c. in ethyl acetate over silica suggested it to consist of a mixture of 
the product (287) and unreacted starting material (288). No attempt was made to 
separate the gum into its constituents. 
(b) A solution of the corresponding 3-amino-4-(2-nitroaryl)isoxazol-5(2-one 
(0.01 mol) in anhydrous dimethylformamide (25.0 ml) was added dropwise at room 
temperature with exclusion of atmospheric moisture to a stirred suspension of sodium 
hydride (0.48 g; 0.02 mol) in anhydrous dimethylformamide (10.0 ml). The mixture 
was stirred at room temperature for 15 min and heated at 100 0 for 24 h then worked up 
as described for the individual reactions below. 
(i) Isoxazolo[3.4-c]cjnnoljn- I (3H)-one 5-N-Oxide (287) 
The mixture from 3-amino-4-(2-nitrophenyl)isoxazol5(2one (288) was 
cooled, treated with water, then evaporated. The residue was dissolved in water 
(25.0 ml) and the resulting solution acidified with 2M aqueous hydrochloric acid. The 
precipitated yellow solid was collected, washed with water and dried in vacuo to afford 
isoxazolo[3 ,4-cjcinnolin-1(3B)-one 5 -N-oxide (287) (97 %) which formed yellow 
needles, m.p. 179-1850 (decomp.) (from acetonitrile), identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
7-Methylisoxazolo[3.4-cicjnnoljn-1(3H)-one 5-N-Oxide (302 a) 
The mixture from 3-amino-4-(4-methyl-2-nitrophenyl)isoxazol-5(20-one 
(301 a) was cooled, treated with water (2.0 ml) and then evaporated. The residue was 
treated with 2M aqueous hydrochloric acid and the insoluble yellow solid collected, 
washed with water and dried in vacuo to afford 7-methylisoxazo1o[3,4-]cinnolin-
1(2jj)-one 5-N-oxide (302 a) (80 %) which formed cinnamon needles, m.p. 197-201 0  
(decomp.) (from glacial acetic acid), Umax 3160-2500 (br) (NH, OH) and 1780 (C=O) 
CM-1, 3H [(CD3 )2S0] 8.21 (1H, s, ArH), 8.09 (114, d, Jortho 9Hz, ArH), 7.85 (1H, 
dd, Jortho 9 Hz and Jmeta 2 Hz, ArH), 4.54 (1H, brs, NH or OH) (exch.) and 2.51 
(3H, s, CH3). 
Found: C, 54.8; H, 3.4; N, 19.1 %; m, (El ms), 217 (M). 
Cio H7 N3 03 requires: C, 55.3; H, 3.2; N, 19.4 %; M, 217. 
7-Methox3isoxazolo[3,4-cicjnnoljn- 1 (3H)-one 5-N-Oxide (302b) 
The mixture from 3-amino-4- (4-methoxy-2-nitrophenyl)isoxazol-5(2-one 
(301 b) was cooled, treated with water (2.0 ml) then evaporated. The residue was 
dissolved in water (5.0 ml) and the resulting solution acidified with 2M aqueous 
hydrochloric acid then extracted with ethyl acetate to give a brown semi-solid which 
was flash-chromatographed over silica. 
Elution with methylene chloride-ethyl acetate (5:1) gave 7-
methoxyisoxazolo[3,4-çjcinnolin1(3one 5-fl-oxide (302 b) (25 %), m.p. 196-
200° (decomp.) (from ethyl acetate), Dmax 3200-2500 (br) (NH, OH) and 1770 
(C=O) cm-1, 6H [(CD3 )2S0] 8.19 (1H, dd, Jortho 9 Hz and Jpara 0.7 Hz, ArH) 7.84-
7.63 (2H, m, ArH), 4.31 (1H, brs, NH or OH) (exch.) and 3.92 (3H, 5, CH3). 
Found: C, 51.1; H, 3.2; N, 17.5 %; m, (El ms), 233.0436 (M). 
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Cio Hi N3_04 requires: C, 51.5; H, 3.0; N, 18.0 %; M, 233.0437. 
Further elution with ethyl acetate through to methanol gave only intractable 
gums which yielded no identifiable material. 
(iv) 7-Chlomisoxazolo[34-cicjnnoljn- 1 (3H)-one 5-N-Oxide (302 d) 
The mixture from 3-amino-4-(4-chloro-2-nitropheny1)jsoxazo15(2H)...one 
(301 d) was cooled, treated with water (2.0 ml) then evaporated. The residue was 
treated with 2M aqueous hydrochloric acid and the insoluble solid collected, washed 
with water and dried in vacuo to afford 7 -chloroisoxazolo[3,4-Q]cinnolin-1QM-one 5-
fl-oxide (302 d) (97 %), which formed orange prisms, m.p. 190-1950 (decomp.) 
(from ethanol-water), t)max 3200-2500 (br) (NH, OH) and 1750 (C=0) cm -1 , 
&H [(CD3 )2S0] 8.39 (1H, dd, Jmeta 2 Hz and Jpara 0.6 Hz, ArH), 8.20 (1H, dd, 
Jortho 9 Hz and Jpara 0.6 Hz, ArH), 7.97 (1H, dd, Jortho 9 Hz and Jmeta 2 Hz, ArH) 
and 5.42 (1H, brs, NH or OH) (exch.). 
Found: C, 45.3; H, 1.6; N, 17.5 %; m, (El ms), 238 and 237 (Mt). 
C9 H4 Cl N3 03 requires: C, 45.5; H, 1.7; N, 17.7 %; M, 237.5. 
The Attempted Base Catalysed Cyclisation Reactions of 3-Amino-2N-methyl-442-
nitrophenyl)isoxazol-5(21-j)-one (296) 
(a) Using 2M Aqueous Sodium Hydroxide 
A suspension of 3-amino-2N-methyl-4-(2-nitropheny1)isoxazol...5(2one 
(296) (0.47 g; 0.002 mol) in 2M aqueous sodium hydroxide was heated under reflux 
for 30 mm. 
The resulting suspension was filtered hot and the insoluble solid collected, 
washed with water and dried in vacuo to afford only the unreacted starting material 
(296) (0.08 g; 17 %), nip. 188-1890 , identical (m.p. and i.r. spectrum) to an authentic 
sample prepared before. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with ethyl acetate to give a dark glass (0.15 g) whose Ll.c. in ethyl acetate 
over silica showed it to be an unresolvable multicomponent mixture which therefore 
was not further investigated. 
Further work up of the aqueous mother liquor gave no other identifiable 
material. 
(b) Using Sodium Hydride in Dimethylformamide 
A solution of 3-amino-2N-methyl-4-(2-nitrophenyl)isoxazol5(2one (296) 
(0.94 g; 0.004 mol) in anhydrous dimethylformamide (10.0 ml) was added dropwise at 
room temperature with exclusion of atmospheric moisture to a stirred suspension of 
sodium hydride (0.19 g; 0.008 mol) in anhydroüs dimethylformamide (5.0 ml) and the 
mixture stirred at room temperature for 15 min then heated at 100 0 for 24 h. 
The mixture was cooled, treated with water (2.0 nil) then evaporated and the 
residue treated with water (5.0 ml). The insoluble solid was collected and combined 
with material obtained by acidifying the alkaline mother liquor and extraction with ethyl 
acetate to afford the unreacted starting material (296) (0.64 g; 68 %), m.p. 187-1900 , 
identical (m.p. and i.r. spectrum) to an authentic sample. 
The Attempted Oxidative Cleavage Reactions of Isoxazolol3.4-cicinnolin- 1 (3H)-one 
5-N-Oxide (287) 
(a) Using 30 % w/v Hydrogen Peroxide in Aqueous Sodium Hydroxide 
A solution of isoxazolo[3,4-cjcinnolin-1(3L1)-one 5-fl-oxide  (287) (0.41 g; 
0.002 mol) in 1M aqueous sodium hydroxide (10.0 ml) was treated with 30 % W/ 
aqueous hydrogen peroxide (1.0 ml) and the mixture stirred at room temperature for 
24 h. 
The precipitated salt was collected and treated with 2M aqueous hydrochloric 
acid to give a yellow solid which was combined with a second crop obtained by 
acidification of the alkaline aqueous mother liquor, washed with water and dried jj 
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vacuo to afford the unreacted starting material (287) (0.39 g; 95 %), m.p. 1780  
(decomp.), identical (m.p. and i.r. spectrum) to an authentic sample. 
(b) Using Sodium Hypochiorite in Aqueous Sodium Hydroxide 
A stirred solution of isoxazol[3,4-]cinnolin-1(3th-one 5-N-oxide (287) 
(0.41 g; 0.002 mol) in 2M aqueous sodium hydroxide (4.0 ml) was cooled to 0-50  
(ice-salt bath) and treated dropwise with a solution of sodium hypochiorite containing 
14 % available chlorine (5.0 ml). The mixture was then stirred in the melting ice-bath 
for 30 mm. 
The precipitated sodium salt was collected, dissolved in water and the resulting 
solution acidified with 2M aqueous hydrochloric acid. The precipitated yellow solid 
was collected, washed with water and dried in vacuo to give the unreacted starting 
material (287) (0.30 g; 73 %), m.p. 1850 (decomp.), identical (m.p. and i.r. spectrum) 
to an authentic sample. 
The alkaline mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with methylene chloride to give a small amount of gum (0.05 g) whose 
t.Lc. in ethyl acetate over silica revealed to be a complex mixture which was not further 
investigated. 
The Attempted Reductive Cleavage Reactions of Isoxazolol3.4-c]cinnolin-1(3H)-one 
5-N-Oxide (287) 
(a) Using Hydrogen over Palladium-on-charcoal 
A solution of isoxazolo[3,4- ]cinno1jn-7(3H)-one 5-fl-oxide  (287) (0.81 g; 
0.004 mol) in glacial acetic acid (40.0 ml) was hydrogenated over 5 % palladium-on-
charcoal (0.08 g) at room temperature and atmospheric pressure. 
The mixture was filtered through celite and the filtrate evaporated to give a gum 
(0.76 g) which was flash-chromatographed over silica. 
Elution with methylene chloride-ethyl acetate (2:1) through to methanol gave 
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only a series of intractable solids (total 0.41 g) whose t.l.c. in ethyl acetate-methanol 
(10:1) over silica showed them to be unresolvable multi-component mixtures from 
which no identifiable material could be obtained. 
(b) Using Sodium Borohydride in Aqueous Methanol 
A solution of isoxazolo[3,4-c]cinnolin-1(311)-one 5 -N-oxide (287) (0.41 g; 
0.002 mol) in methanol (35.0 ml) was stirred and treated dropwise with a solution of 
sodium borohydride (0.33 g; 0.0088 mol) in water (5.0 ml) the resulting mixture was 
then stirred at room temperature for 3 h. 
The mixture was evaporated and the residue treated with water (10.0 ml). The 
resulting solution was acidified with 2M aqueous hydrochloric acid and the precipitated 
solid collected, washed with water and dried in vacuo to afford the unreacted starting 
material (287) (0.31 g; 76 %), m.p. 177 0 (decomp.), identical (m.p. and i.r. spectrum) 
to an authentic sample. 
The aqueous mother liquor was extracted with ethyl acetate to give a gum 
(0.09 g) whose t.l.c. in ethyl acetate-methanol (10:1) over silica showed it to be 
predominantly the unreacted starting material (287). 
The Attempted Deoxygenation Reactions of Isoxazolol3,4-cicinnoljn-1(3H)-one 5-N-
Oxide (287 
(a) Using Sodium Dithionite in Ethanol 
A solution of isoxazolo[3, 4- ]cinnolin- 1 (3H)-one 5 -N-oxide (287) (0.81 g; 
0.004 mol) in 70 % v/v  aqueous ethanol (80.0 ml) was treated with sodium dithionite 
(0.81 g) and the mixture heated under reflux for 1 h then treated with a further aliquot 
of sodium dithionite (0.81 g) and heating under refiux continued for 1 h. 
The mixture was evaporated and the residue treated with water (8.0 ml) and 
extracted with ethyl acetate to give a gum (0.25 g). 
The aqueous mother liquor (pH 7) was continuously extracted with methylene 
chloride for 48 h to give a yellow solid (0.26 g). 
Acidification of the aqueous mother liquor with 2M aqueous hydrochloric acid 
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followed by continuous extraction with methylene chloride for 24 h gave an orange 
solid (0.04 g). 
All isolated materials were recombined and flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (3:2) through ethyl acetate to methanol gave 
only a series of intractable solids (total 0.3 g) whose t.1.c. in ethyl acetate over silica 
showed to be complex mixtures which were not therefore further investigated. 
Using Triethyl Phosphite 
A solution of isoxazo1o[3,4- Jcinnolin- 1(3H)-one 5-fl-oxide (287) (0.41 g; 
0.002 mol) in triethyl phosphite (4.0 ml) was heated under reflux for 4 h. 
The mixture was evaporated to give a gum (0.82 g) which was flash-
chromatographed over silica. 
Elution with hexane-methylene chloride (2:1) through ethyl acetate to methanol 
gave only a series of intractable gums (0.51 g) which were not further investigated. 
Using Phosphorus Trichioride 
A solution of isoxazolo[3,4-cjcinnolin- 1(311)-one 5 -i-oxide (287) (0.41 g; 
0.002 mol) in anhydrous dioxane (25.0 ml) was treated with phosphorus trichloride 
(0.3 ml; 0.003 mol) and the resulting solution heated under reflux with exclusion of 
atmospheric moisture for 30 mm. 
The mixture was evaporated and the residue treated with water (5.0 ml). The 
insoluble solid was collected, washed with water and dried in vacuo to give the 
unreacted starting material (287) (0.35 g; 85 %), m.p. 174 0 (decomp.) identified by 
comparison (m.p. and i.r. spectrum) with an authentic sample prepared before. 
A second crop of solid was deposited from the aqueous mother liquor on 
standing. This was collected, washed with water and dried in vacuo to afford 3-
aminocinnoline-4-carboxylic acid l-j-oxide (311) (0.04 g; 10 %), m.p. 182-185 0 , 
identified by comparison (m.p. and i.r. spectrum) with an authentic sample prepared 
0119) 
later. 
The Attempted Solvolytic Cleavage Reactions of Isoxazo1o[3.4-c1cinno1in-1(3H-one 
5-N-Oxide (287 
A suspension of isoxazolo[3,4-]cinnolin-1(3th-one 5-N-oxide  (287) (0.41 g; 
0.002 mol) in ethanol (20.0 ml) was treated with concentrated hydrochloric acid 
(1.0 ml) and the mixture heated under reflux for 2 h. 
The resulting solution was cooled and the precipitated solid was collected, 
washed with water and dried in vacuo to afford only the unreacted starting material 
(287) (0.33 g; 80 %), m.p. 188 0 (decomp.), identical (m.p. and i.r. spectrum) to an 
authentic sample. 
The ethanolic mother liquor was concentrated to a total volume of 2-3 ml and 
the precipitated solid collected, washed with water and dried in vacuo to give a further 
crop of the unreacted starting material (287) (0.06 g; 15 %), m.p. 172 0 (decomp.), 
identified by comparison (m.p. and i.r. spectrum) to an authentic sample. 
Using 20 % w/v Aqueous Potassium Hydroxide 
A solution of isoxazolo[3,4-]cinnolin-1(3H)-one 5 -N-oxide (287) (0.41 g; 
0.002 mol) in 20 % W/ aqueous potassium hydroxide (5.0 ml) was heated under 
reflux for 30 mm. 
The mixture was cooled and some insoluble material removed by filtration. 
The alkaline aqueous mother liquor was acidified with 2M aqueous 
hydrochloric acid and the precipitated solid was collected, washed with water and 
dried in vacup to afford 3-aminocinnoline-4-carboxylic acid 5 -N-oxide (311) (0.11 g; 
27 %), identified by comparison (i.r. spectrum) to an authentic sample prepared later. 
Using Ethanolic Sodium Ethoxide 
A suspension of isoxazolo[3,4-çjcinnolin-1(3jj)-one 5 -N-oxide (287) (0.41 g; 
0.002 mol) in anhydrous ethanol (10.0 ml) was stirred at room temperature with 
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exclusion of atmospheric moisture and treated with a solution of sodium (0.18 g; 
0.008 g. atom) in anhydrous ethanol (5.0 ml). The resulting solution was then heated 
under reflux with exclusion of atmospheric moisture for 1 h. 
The mixture was evaporated and the residue treated with water (5.0 ml). The 
resulting solution was acidified with 2M aqueous hydrochloric acid and the precipitated 
yellow solid collected, washed with water and dried in vacuo to give the unreacted 
starting material (287) (0.39 g; 95 %), m.p. 1730 (decomp.), identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
3-Aminocinnoline-4-carboxylic Acid 1-N-Oxides 
A solution of the corresponding isoxazolo[3,4-]cinnolin- 1(3B)-one 5-N-oxide 
(0.002 mol) in ethanol (10.0 ml) was treated with hydrazine monohydrate (0.002 mol) 
and the mixture heated under reflux for 3 h then worked up as described for the 
individual reactions below. 
(i) 3-Aminocinnoline-4-carboxylic Acid 1-N-Oxide (311) 
The mixture from isoxazolo[3,4-Jcinnolin-1(3j1)-one 5-N-oxide (287) was 
filtered and the insoluble hydrazine salt collected and treated with 2M aqueous 
hydrochloric acid to give an insoluble orange solid which was combined with a second 
crop of material obtained by evaporating the ethanolic mother liquor and treating the 
residue with 2M aqueous hydrochloric acid, washing with water and drying in vacuo to 
afford 3-aminocinnoline-4-carboxylic acid 1 -i-oxide (311) (98 %) which formed 
orange needles, m.p. 212-2150 (from dimethylformamide-water), Dmax 3450 and 3300 
(NH), 3200-2500 (br) (OH) and 1650 (C=O) cm- 
1" 
 6 [(CD3 )2S0] 8.72 (1H, dq, 
Jortho 9 Hz, Jmeta 1.5 Hz and Jpara 0.6 Hz, AtH), 8.30 (1H, dq, Jortho 9 Hz, 
Jmeta 1.5 Hz and Jpara 0.6 Hz, ArH), 7.84-7.38 (211, m, ArH) and 9.20-6.64 (3H, 
brs, NH2 and OH) (exch.). 
Found: C, 52.3; H, 3.6; N, 20.3 %; m, (El ms), 205.0486 (Mt). 
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C9 H7 N3 03 requires: C, 52.7; H, 3.4; N, 20.5 %; M, 205.0487. 
3-Amino-7-methylcinnoline-4-carboxylic Acid 1-N-Oxide (315 a) 
The mixture from 7-methylisoxazolo[3,4-cJcinnolin-1(3-one 5-_N-oxide 
(302 a) was cooled and filtered and the collected solid dissolved in water (3.0 ml). The 
resulting solution was acidified with 2M aqueous hydrochloric acid and the precipitated 
solid collected and combined with a second crop of solid obtained by evaporating the 
ethanolic mother liquor and treatment of the residue with 2M aqueous hydrochloric 
acid to give 3-amino-7-methylcinnoline-4-carboxylic acid l--oxide (315 a) (0.18 g; 
82 %), which formed orange-brown prisms, m.p. 262-264 0 (from 
dimethylformamide-water), t)max 3450 and 3305 (NH), 3200-2500 (br) (OH) and 
1650 (C=O) cm-1, 6H [(CD3 )2S0} 8.60 (1H, d, Jortho 9 Hz, ArH), 8.12-8.07 (1H, m, 
ArH), 7.57 (1H, dd, Jortho 9 Hz and Jmeta 1.6 Hz, ArH) and 2.42 (3H, S. CH3). 
Found: C, 54.3; H, 4.1; N, 19.2 %; m/z (El ms), 219.0652 (M 4 ). 
Clo H9 N3 03 requires: C, 54.8; H, 4.1; N, 19.2 %; M, 219.0644. 
3-Amino-7-methoxvcinnoline-4-carboxylic Acid 1-N-Oxide (315 b) 
The mixture from 7-methoxyisoxazo1o[3,4-]cinnolin- 1 QM-one 5-j-oxide 
(302 b) was filtered and the collected hydrazine salt treated with 2M aqueous 
hydrochloric acid and combined with material obtained by evaporating the ethan'olic 
mother liquor and treating the residue with 2M aqueous hydrochloric acid then 
extracting with ethyl acetate to afford 3-amino-7-methoxycinnoline-4-carboxylic acid 1-
fl-oxide (315 b) (50 %) which formed orange prisms, m.p. 215 0 (decomp.) (from 
ethanol-glacial acetic acid), Umax 3450 and 3300 (NH), 3200-2500 (br) (OH) and 1660 
(C=O) CM-1 , 8H  [(CD3)2S0] 8.65 (1H, d, Jortho 10 Hz, ArH), 7.65 (1H, d, 
Jmeta 2 Hz, AM), 7.51 (2H, brs, NH 2) (exch.), 7.45 (lH, m, ArH) and 3.88 (3H, s, 
CH3). 
Found: C, 50.8; H, 4.1; N, 17.6 %; m, (El ms), 235 (M). 
Cio H9 N304 requires: C, 51.1; H, 3.8; N, 17.9 %; M, 235. 
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3-Amino-7-chlorocinnoline-4-carboxylic Acid 1-N-Oxide (315 d) 
The mixture from 7-chloroisoxazolo[3,4-jcinnolin- 1(3B-one 5-N-oxide 
(302 d) was filtered and the collected hydrazine salt treated with 2M aqueous 
hydrochloric acid. The insoluble solid was collected and combined with a second crop 
of material obtained by evaporating the ethanolic mother liquor and treating the residue 
with 2M aqueous hydrochloric acid. The combined materials were washed with water 
and dried in vacuo to afford 3-amino-7-chlorocinnoline-4-carboxylic acid 1 -N-oxide 
(315 d) (92 %) which formed orange needles, m.p. 252-254 0 (from 
dimethylforniarnide-water), 'Umax 3440 and 3320 (NH), 3200-2500 (br) (OH) and 
1660 (C=O) cm1, 6H [(CD3)2SO] 8.71 (1H, d, Jortho 9 Hz, AM), 8.24 (1H, d, 
Jmeta 2 Hz, ArH), 7.80 (2H, brs, NH2) (exch.) and 7.73 (1H, dd, Jortho 9 Hz and 
Jmeta 2 Hz, ArH). 
Found: C, 44.8; H, 2.8; N, 17.4 %; m, (El ms), 241 and 239 (M). 
C9 H6 Cl N3 03 requires: C, 45.1; H, 2.5; N, 17.5 %; M, 239.5. 
3-Amino-7-trifiuoromethylcinnoline-4-carboxylic Acid 1-N-Oxide (315 e) 
The mixture from 7-trifluoromethylisoxazolo[3,4-çJcinnolin- 1(3H)-one 5--N-
oxide (302 e) was filtered and the collected hydrazine salt treated with 2M aqueous 
hydrochloric acid. The insoluble orange solid was collected and combined with a 
second crop obtained by evaporating the ethanolic mother liquor and treating the residue 
with 2M aqueous hydrochloric acid, washing with water and drying in vacuo to give 3-
amino-7-trifiuoromethylcinnoline-4- carboxylic acid 1 -N-oxide (315 e) (91 %), which 
formed yellow prisms, m.p. 239-2420 (from dimethylformamide-water), 'Umax 3500, 
3450 and 3320 (NH), 3200-2500 (br) (OH) and 1660 (C=O) cm -',  &H [(CD3)2SO] 
8.95 (1H, dd, Jortho 9 Hz and Jpara 0.6 Hz, ArH), 8.54-8.51 (1H, m, ArH), 8.00 (2H, 
brs, NH2) (exch.) and 7.95 (1H, dd, Jortho 9 Hz and Jmeta 2 Hz, ArH). 
Found: C, 43.7; H, 2.3; N, 15.4 %; m, (El ms), 273 (M). 
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Cio H6 F3 N3 03 requires: C, 44.0; H, 2.2; N, 15.4 %; M, 273. 
3-Methylaniinocinnoline-4-carboxylic Acid 1-N-Oxide (316) 
A solution of 3 -methylisoxazolo[3,4-çJcinnolin-1(31D-one 5-i-oxide (299) 
(0.22 g; 0.001 mol) and hydrazine monohydrate (0.20 g; 0.004 mol) in ethanol 
(10.0 ml) was heated under reflux for 17 h. 
The resulting solution was cooled and the precipitated hydrazine salt was 
collected, and treated with 2M aqueous hydrochloric acid to give an orange solid which 
was combined with a second crop obtained by evaporating the ethanolic mother liquor 
and treating the residue with 2M aqueous hydrochloric acid, washing with water and 
dried in vacuo to give 3-methylaminocinnoline-4-carboxylic acid 1-a-oxide (316) 
(0.18 g; 83 %) which formed orange prisms, M.P. 179-182 0 (decomp.) (from ethanol-
water), t)max 3520 and 3350 (NH), 3200- 2500 (br) (OH) and 1680 and 1660 
(C=O) CM-1, 8H  [(CD3)2S0] 13.76 (1H, brs, OH) (exch.), 8.68 (1H, d, Jortho 9 Hz, 
ArH), 8.44 (1H, brs, NH) (exch.), 8.29 (111, dd, Jortho 9 Hz and Jmeta 1 Hz, ArH), 
7.71 (2H, m, ArH) and 2.98 (3H, s, CR 3 ). 
Found: C, 54.8; H, 4.1; N, 19.2 %; m, (El ms), 219 (Mt). 
Cio H9 N3 03 requires: C, 54.8; H, 4.1; N, 19.2 %; M, 219. 
Further work up of the aqueous mother liquor gave no other identifiable 
material. 
3-Methy1oxazinoF45-c1cinno1in- 1-one 6-N-oxide (318) 
A solution of 3-aniinocinnoline-4-carboxylic acid 1-i-oxide  (311) (0.82 g; 
0.004 mol) in acetic anhydride (20.0 ml) was heated under reflux with exclusion of 
atmospheric moisture for 1 h. 
The mixture was cooled and the precipitated solid collected and combined with a 
second crop obtained by evaporating the filtrate to afford 3-methyloxazino[4,5- 
ç.]cinnolin-l-one 6 -flj-oxide (318) (0.88 g; 96 %) which formed orange prisms, M.P. 
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258-2600 (decomp.) (from glacial acetic acid), Umax 1740 (C=0) cm-', & [(CD 3)2S0] 
9.19-9.06 (1H, m, ArH), 8.67-8.54 (1H, m, ArH), 8.26-7.85 (2H, m, ArH) and 
2.54 (3H, s, CH3). 
Found: C, 56.9; H, 3.1; N, 18.1 %; m, (El ms), 229.0493 (M). 
CI  H7 N3 04 requires: C, 57.6; H, 3.1; N, 18.3 %; M, 229.0487. 
2-Amino-3-methylovrimido[4,5-cicinnolin- 1(2H)-one 6-N-oxide (320) 
A solution of 3-methyloxazino[4,5-cjcinnolin-1-one 6-fl-oxide (318) (0.46 g; 
0.002 mol) and hydrazine monohydrate (0.40 g; 0.008 mol) in dioxane (10.0 ml) was 
heated under reflux for 1 h. 
The mixture (containing an insoluble solid) was evaporated and the residue 
treated with 2M aqueous hydrochloric acid to give a solid (0.48 g). This was treated 
with 2M aqueous sodium hydroxide and the insoluble solid collected to afford 2-
amino-3-methylpyrimido[4,5-jcinnolin-1(2I-I)-one 6-j-oxide (320) (0.20 g; 41 %) 
which formed yellow needles, m.p. 282-284 0 (from glacial acetic acid), l)max 3310 and 
3230 (NH) and 1675 (C=0) cm, 8H  [(CD3)2S0} 8.59 (1H, dd, Jortho 9 Hz and 
Jmeta 1 Hz, ArH), 8.14-8.06 (3H, m, ArH), 6.11 (2H, s, N11 2) (exch.) and 2.70 (311, 
s, CH3). 
Found: C, 53.7; H, 3.8; N, 28.7 %; m, (El ms), 243.0779 (M). 
Cii H9 N5 02 requires: C, 54.3; H, 3.7; N, 28.8 %; M, 243.0756. 
The alkaline aqueous mother liquor was acidified with 2M aqueous 
hydrochloric acid and the precipitated solid collected to afford 3-aminocinnoline-4-
carboxylic acid 1 -fl-oxide (311) (0.18 g; 44 %), m.p. 210-2120 , identical (m.p. and 
i.r. spectrum) to an authentic sample prepared before. 
The Attempted Hydrolysis of 3-Aminocinnoline-4-carboxylic Acid 1-N-Oxide (311) 
using 2M Aqueous Sodium Hydroxide 
A solution of 3-aminocinnoline-4-carboxylic acid 1-i-oxide (311) (0.21 g 
298 
0.001 mol) in 2M aqueous sodium hydroxide (5.0 ml) was heated under reflux for 1 h. 
The mixture was cooled then acidified with 2M aqueous hydrochloric acid and 
the precipitated solid was collected, washed with water and dried in vacuo to give the 
unreacted starting material (311) (0.18 g; 86 %), m.p. 193-1950 , identical (m.p. and 
i.r. spectrum) to an authentic sample prepared before. 
Further work up of the aqueous mother liquor gave no other identifiable 
material. 
The AttemDted Catalytic Reduction of 3-Aminocinnoline-4-carboxylic Acid 1-N-Oxide 
(311) 
A solution of 3-aminocinnoline-4-carboxylic acid 1-i-oxide  (311) (0.41 g; 
0.002 mol) in glacial acetic acid was hydrogenated over 5 % palladium-on-charcoal 
(0.04 g). 
The mixture was filtered through celite and the filter pad washed with 
dimethylformamide. Evaporation of the combined filtrate and washings gave the 
unreacted starting material (311) (0.39 g; 89 %), m.p. 200-202 0, identical (m.p. and 
i.r. spectrum) to an authentic sample. 
The Reduction of 3-Aminocinnoline-4-carboxylic Acid 1-N-Oxide (31 1) Using Sodium 
Dithionite in 70 % Aqueous Dimethylformamide 
A solution of 3-aminocinnoline-4-carboxylic acid 1 -i-oxide  (311) (0.41 g; 
0.002 mol) in 70 % v/v aqueous dimethylformamide (10.0 ml) was treated with a 
single portion of sodium dithionite (0.41 g). The mixture was evaporated and the 
residue treated with water (5.0 ml). The insoluble solid was collected, washed with 
water and dried in vacuo to afford 3-aminocinnoline (323) (0.14 g; 48 %), which 
formed silver-grey plates, m.p. 154-158 0 (from water) (lit., 75  163-164.50), lmax 
3390 and 3270 (NH) and 1650 (NH def.) cm -1 , 8H  [(CD3)2S0} 8.14 (1H, d, s, ArH), 
7. 10-6.58 (4H, m, ArH) and 5.03 (2H, brs, NH 2) (exch.). 
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Found: C, 65.7; H, 5.6; N, 28.6 %; m, (El ms), 145 (M) 
Cs H7 N3 requires: C, 66.2; H, 4.8; N, 29.0 %; M, 145. 
The aqueous mother liquor was neutralised by the addition of a few drops of 
glacial acetic acid then extracted with ethyl acetate to give an oil (0.08 g) whose Ll.c. in 
ethyl acetate-methanol (10:1) over silica showed it to be a complex mixture which 
therefore was not further investigated. 
The Attempted Deamination Reactions of 3-Aminocinnoline-4-carboxylic Acid 1-N-
Oxide (311) 
Using Sodium Nitrite and Hydrochloric Acid in Acetic Acid 
A suspension of 3-aininocinnoline-4-carboxylic acid 1 -i-oxide (311) (0.41 g; 
0.002 mol) in glacial acetic acid (15.0 ml) was treated with 10 % w/v  aqueous 
hydrochloric acid (2.5 ml) and the mixture stirred at 00  (ice-salt bath) then treated 
dropwise with a solution of sodium nitrite (0.17 g; 0.0025 mol) in water (1.0 ml). The 
mixture was stirred at 0-50 for 30 min then allowed to warm to room temperature over 
1 h. 
The insoluble solid was collected, washed with water and dried in vacuo to 
afford the unreacted starting material (311) (0.07 g;  17 %), m.p. 193-1960, identical 
(m.p. and i.r. spectrum) to an authentic sample. 
The aqueous mother liquor was concentrated to remove the acetic acid then 
diluted with water (10.0 ml) and extracted with methylene chloride to give a gum 
(0.20 g) whose t.l.c. in ether over silica showed it to be a complex mixture which was 
not further investigated. 
Using Sodium Nitrite and Sulphuric Acid in Acetic Acid 
A solution of 3-aminocinnoline-4.carboxylic acid 1 -N-oxide  (311) (0.41 g; 
0.002 mol) and concentrated sulphuric acid (1.6 ml) in glacial acetic acid (5.0 ml) was 
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stirred at 00 (ice-salt bath) and treated dropwise with a solution of sodium nitrite 
(0.15 g; 0.0022 mol) in water (1.0 ml) then stirred at 0-50 for 5 mm. 
The resulting viscous mixture was treated with ice (2.0 g) and allowed to warm 
to room temperature then concentrated to remove acetic acid and diluted with water 
(10.0 ml). The precipitated waxy solid was collected, washed with water and dried in 
vacuo to give a solid (0.20 g) whose t.l.c. in ethyl acetate over silica showed it to be a 
complex mixture which was not further investigated. 
Work up of the aqueous mother liquor gave only intractable material (0.11 g) 
whose t.1.c. in ethyl acetate over silica showed that it was a complex mixture which 
was not further investigated. 
1 -Cyano-2-dimethvlamino- 1 -(2-nitrophenvl)ethene (271) 
1 -Cyano-2-dimethylamino- 1 -(2-nitrophenyl)ethene (27 1) was prepared as 
described before in Chapter 3. 
The Attempted Reaction of 1-Cyano-2-dimethvlamino-l-(2-nitrophenyl)ethene (271) 
with Hydroxylamine Hydrochloride in Ethanol in the Presence of Sodium Carbonate 
A solution of 1-cyano-2-dimethylamino-1-(2-nitrophenyl)ethene (271) (0.22 g; 
0.001 mol) in anhydrous ethanol (10.0 ml) was stirred at room temperature with 
exclusion of atmospheric moisture and treated with hydroxylamine hydrochloride 
(0.35 g; 0.005 mol) followed by anhydrous sodium carbonate (0.27 g; 0.0025 mol). 
The resulting suspension was then stirred at room temperature for 24 h. 
The mixture was evaporated and the residue treated with water (3.0 ml) and 
extracted with methylene chloride to give the unreacted starting material (271) (0.17 g; 
77 %), m.p. 97-980 , identical (m.p. and i.r. spectrum) to an authentic sample prepared 
before. 




2-Cyano-2-(2-nitrophenyl)acetaldehyde (266) was prepared as described before 
in Chapter 3. 
The Attempted Reaction of 2-Cyano-2-(2-nitrophenyl)acetaldehyde (266) with 
Hvdroxylamine Hydrochloride in the Presence of Sodium Carbonate 
A solution of 2-cyano-2-(2-nitrophenyl)acetaldehyde (266) (0.38 g; 0.002 mol) 
and hydroxylamine hydrochloride (0.34 g; 0.005 mol) in anhydrous ethanol (20.0 ml) 
was treated with a single portion of anhydrous sodium carbonate (0.26 g; 0.0025 mol) 
and the mixture was stirred at room temperature with exclusion of atmospheric moisture 
for 17 h. 
The resulting mixture was evaporated and the residue treated with water 
(4.0 ml) then extracted with methylene chloride to give an orange semi-solid (0.30 g) 
whose t.1.c. in methylene chloride over silica showed it to be a mixture containing 2-
nitrophenylacetonitrile (203). No attempt was made to separate the mixture into its 
separate components. 
Work up of the neutral aqueous mother liquor afforded no other identifiable 
material. 
3-Amino-4-(2-nitrophenvl)isoxazole (324) 
A solution of crude 1 -cyano-2-dimethylamino- 1 -(2-nitrophenyl)ethene (271) 
(4.3 g; 0.02 mol) in 70 % V/sr aqueous ethanol (40.0 ml) was treated with 
hydroxylamine hydrochloride (1.4 g; 0.02 mol) and the mixture heated under reflux for 
1 h. 
The resulting solution was concentrated to one quarter of its original volume 
then diluted with water (10.0 ml) and extracted with methylene chloride to give an oil 
(4.4 g) which was flash-chromatographed over silica. 
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Elution with hexane-methylene chloride (1:1) gave 2-nitrophenylacetonitrile 
(203) (0.46 g; 14 %), m.p. 79-80 0 , identical (m.p. and i.r. spectrum) to an authentic 
sample. 
Elution with hexane-methylene chloride (1:2) gave 3-amino-4-(2-
nitrophenyl)isoxazole (324) (2.2 g; 55 %) which formed colourless needles, m.p. 108-
109° (from benzene), Dmax 3440, 3300 and 3190 (NH) and 1510 and 1350 
(NO2) CM-1,  6 CDCI3 8.03-7.33 (4H, m, ArH) and 4.68 (2H, brs, NH2) (exch.). 
Found: C, 52.8; H, 3.5; N, 20.5 %; m, (El ms), 205 (M) 
9 Hi N3 03 requires: C, 52.7; H, 3.4; N, 20.5 %; M, 205. 
Further elution with methylene chloride through ether to methanol gave no other 
identifiable material. 
Work up of the aqueous mother liquor also gave no other characterisable 
material. 
The Attempted Base Catalysed Cyclisation of 3-Amino-4-(2-nitrophenyl')isoxazole 
(324) Using Sodium Hydride in Dimethylformamide 
A stirred suspension of sodium hydride (0.10 g;  0.004 mol) in anhydrous 
dimethylformamide (5.0 ml) was treated dropwise with a solution of 3-amino-4-(2-
nitrophenyl)isoxazole (324) (0.41 g; 0.002 mol) and the mixture was stirred at 100 0 
with exclusion of atmospheric moisture for 24 h. 
The resulting mixture was treated with water (2.0 ml) then evaporated and the 
residue treated with water (10.0 ml) then filtered to give a solid (0.09 g) whose t.1.c. in 
ether over silica showed it to be a complex mixture which was therefore not further 
investigated. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid 
and extracted with methylene chloride to give a gum (0.24 g) whose t.l.c. in ether over 
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